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1 Introduction

RES3DINVx64is a computer program theill automatically determine a threkmensional3-
D) resistivity model for the subsurfaaisng thedataobtainel from a 3D electrcd imaging survey
(Loke et al. 2013a, 201)aldeally, the electrodes for such a survey amargged in a rectangularid
(Figure 1a). However, in practice (depending the availeble equipmen, surface topograph suvey
time and budget), different types of gey procedures have been used. More detailthe practical use
of different electrode arrays and arrangements for®irvey s ar e gi ven i ntestmhe
elecrical imaging 6 ( L ®)k@n acdriplter with 8 GB RAM, the RES3DINVx64 Basic mm@m can
handle survey grids with about up about 16000 electrodeBhe RES3DINVx64 Professional program
can access up 256GB RAM and support survey grids witip to 200,000 dectrodes. On a modern
multi-core Windowsbased microcomputer, the data invenstakes from less than a minute for small
surveys with 100 electred in a flat area to several hours for large swwsiyh 6000 electrodes in
rugged terrainThe nversio of a dataset with 198 electide positions BLOCKS_22x9ws.dat filg just
takesabout 17 seconds on a PC with a deexe i7 CPU. A variety of surveyconfigurations are
supported, from simple rectangubrids (Figurela,b),to nonrectangulagrids (Figure 1c), to even data
sets collated fromwsvey lines in differentidections Figureld).

(a) Pole-pole survey with measurements (b) Survey with parallel 2-D lines
in different directions B 16 1

x x x =
I
2’ o 23 24 "i25
. * x x ~
(c) Survey with non-rectnagular grid (d) Survey with lines in different directions

- L]
. . e . e . . .

-
.|
* -
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. . |*
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Figurel. Somepossibldayouts for 3D surveys.

2 Computer system requirements

RES3DINVx64is a 64bit program that will run under @&4-bit version of Windows/8/10. You
will need a microcomputer with a muttore Intel CPU to run this program. It iecommendedhat you
usea PC with an Inte(rather than an AMD) CPU as the RES3DINVx64 progrs optimized for this
type of CPU.

RES3DNVx64 comes inthreeversons (Basig Professionabnd Enterpriseflependingon the
license the license you have pusskd. RES3DINVx64 Bsac albwsthe useof upto 8 GB RAM while
RES3DINVx64 Professional can access up to 25B RAM. The Enterprise versio has additional
featuressuch as segmentation of large survey grigdserson of data for vector arrays and VOI
calaulations.The following section has more dés on the differences between ttiéferentversions.

RES3DINVx64 requires at least 4 GB RAMou will also ned at east32 GB d free harddisk
space that the progracanuse to store temporary svéiles. If you have more than one hadisk drive,
the program will automatically select the drive with the largest amount of free space as théodstore
the swa files. For compuer systems with more than 12 cores (inotuding logical cores usinthe Intel
hyperthreading technology), the remainingttbereck is probably the speed of the hdisk which the
program uses to store temporary diléThe time takerio write and read he temporary files can be
significantlyreduced by using a Solid SaBrive (SSD) The amount of free hawisk space shoulde at
least 8 times the RAM.

There should not be any background programs running (such ab processors, CAD
prograns, etc.) when executing the RES3DINV program. Pleasat down other programs tade the
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menory for this program. This will reduce menydo harddisk swapping that slows down the program.
In Windows 7/8/10, the active programe aisually listed o the $artbar atthe bottom of the screen. On
some versins of Windows, it might be nexssary to anfigure the program to run as an Adminigiraso
that it is allowed to create temporary files in the kdisk. This can be done by rigblicking the
programionontheWn d ows deskt op and insterl @tcdr & hlea BeRlu.n as

This progran attemptsto make full use of the computer CPU anddhdisk storage when
processing a large data set. It is designed for standalone PCs, aeddnisnended that shoud not be
usal with a PC in a network (used as a rataserver) when carrying othe inversbn of a very large
data set with more thard@000 data points or model cells. We cannot guarantee that it will run smoothly
on such netwd PCs for the ingrsionof very large data sets and models. Also, it shoodd be used
with PCs having dual operdhg system such as Windows and Linux.

2.1 Differences between RES3DINVx64 Basi®rofessionaland Enterprise
The version of RES3DINVx6that the user isllawed to use depeds on the license the software

has. Thanain differences between thevt versionsare as follows.

1). Res3dinvx64 Basic isriitedto 8 GB RAM memory space while Res3dinvx64 Professional can
access up to 256GB RAM.

2). Only Res3dinvx64Profesional suppeots 3D time-lapse inversion. The Basiersion does not
support thigype of da.

3). Res3dinvx64 Basic is limited ta finite-difference/element mesh model with a maximum of 1.6
million nodes. In Res3dinvx64 thmaximum mesh sizélepend on the conputer RAM. With
256GB, it supports up tabout 12 million nodes.

RES30ONVx64 Bast is probably sufficient for medium size gays with up to several thousand
electrodes positions. RES3DINVx64 Professional is recommenfded more complex survey
arrangementgparticularly for mineral explorationyith very large surveys gridsith tens & thousands
of electrodes positions, dataipts and model cells, or for timpse surveyRES3DINVx64 Enterprise
version has all the &ures of the Preksionh version pus a few extra options, namely (fesh
segnentation for inversion oWery largesurveys grids and data sets (with over 100,8lectrodes
positions and data pointgjij) support for data sets with up to 600,000 eledés positions andata
points for wakstations with 256GB RAM(iii) vector array inversion and {i) VOI (volume of
investigation) calculatio(Oldenburgand Li.1999).

3 Copy protection

The program uses the Aarhus Geosoftware Internet based digitalpooiections system for
copy protection. WWthout the digital license, you aa use the program to invert data setshwitp to 200
electrodes (with a limit of 4 &@rations in the inversion routine). If you had purchased the license for the 2
D resistivity/IP inversion program (RES2BV) only, you can proces dhta setswith up to 100
electrodes (with a limit of 5 iteratia) using theitense providedvith the Res3ihvx64 Starter version
With the RES3DINVx64 software license, the restrictions are remdaeén the program is launathe
for the firsttime the u®r is ppmpted to supplalicense code:

Information >

"6" License not found.

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

Support@AarhusGeoSoftware.dk (International users)
Support@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?

0] S Cancel
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I f A Ca n ctedthe progem centinues i demo mode witmite d

selected the user need to enter the license code in thexfalln g

Wi

Res3Dinv

ped

Please enter your license code: ||

o |

Cancel

functionality.

ndowoand

press

If the license odeis validthe following €£reen with information about the PC antktlicense iseen:

System Resources

Mumber of CPU Cores is 10

Tatal Physical Memory 127,89 GE

Free Physical Memory 127.88 GB

Free Disk Space is 177444 GB in drive e’temp_buffer_3dit,
Screen view area 3840 by 2077

Maximum number of electrodes is 212500

Maximum number of data points is 200000

Maximum number of model cells is 1000000

Windows 10

30 Professional license

License number is 922

Update and support expiry date is 1-1-2050
RES3DIMVxE4 ver, 3.16,1 date 9- 5-2019
Res3dinvxed Professional version

Copyright (2019) M.H.Loke

Geotomo Software Sdn Bhd (Malaysia)

email : geotomosoft@outiook.com
salesi@aarhusgeosoftware.dk

Web : www.geotomaosoft.com
www.aarhusgeosoftware. dk

X

It is also

possibleteseet he | i cense i f dBrhmam

To unregister a license for se on another pc
The licerse can be ungistera to be move to another PC, haays remember to do this before
uninstaling the sdtware as the computer will stilbke up the license if this is not done.
nregi ster t irdnrégistee@®S el ipremrsse @ Hed pseen bel

To u

g RES3DIMVxE4 ver. 3.16.1 Professional - 1D, Mo, : 922
File Change Settings Inversion Display Help

Program Info

Help

Show AGS license file

Unregister AGS license

iAdGIS

The following info box will be shown with indrmation about the available number afdnses orhie

code.

Informatio

n

Machine unregistered successfully from license server. Res3DInv will run in deme mode with limited functionality.

5 machines may still be registered on this license number.
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4 Theory

The invesion routine used by the program is based on the smooticnessrained leastquares
method [oke et al. 2003). The bds smoothnessonstraned leastsquares method isdsal on the
following equation.

(J'J+/F)Dgk =J"g-/ F qk1, (4.1)
where F=a.C"Cx + aC, C, + al, C,
CX,Cy = horizontal roughness filters, C, = verticd roughness filter

ax, ay, a; = weightsfor roughness filters

J = Jacobiammatix of partial derivatives, JT = trangpose of)

/ =damping factor, q = modelperturbation vector,g = data misfit vector
k = iteration number

One advantage of this methds that the damping famt and roughres filters can be djusted to suit
different types of data. This program ughe GausdNewton method that recalculatésetlacobian
matrix of partial derivatives after each iteration (Loke and Dahlin 2002). Betigesbove basic
smoothnesconstrainednethod,other varidions are also aviable. One example is a robust mode} (L
norm) invasion method that tends to pro@umodels with sharper boundaries (Loké al. 2003). The
choice of inversion method to use shbbe guided by the natirof the knowrgeolog/ of the suvey
area. The inuesion program divides the subsurface iatmumber brectangular prisms and attempis
determine the resistivity values of the prisms so as to minimize the difference beteealctiated and
observedapparent resiwity values, subgct to selected estraints. One possible arrangement (Lakel
Barker1996) is shown in Figure 2. Heeach block in the top layer has an electrode in each corner at the
surface of the model. A msure of this differencesigiven by therootmeansquared(RMS) error.
Howewer, the model with the lowest possible F\Verror cansometimes show large and unretdi
variations in the model resistivity values and may not always be the "best" model fyeniogical
perspective. Irgeneral, themost pudert appro&h is to choose thrmodel at the iteration after which the
RMS error @es not change significantly. Bhisually occurs between the 4th and 5th iterations.

s« Electirode x-direction

- I’/
y -direction P1/Pzﬁ3 A.; -

ks

____.____71-__74 -7Z:I:E1qu/

Laver 1

Layer 2

Laver 3

Layer 4

Figure 2. A simple discretization mad used in thenverson pogram wth electrodes athe surface
corners of eacimodel cellin the top layer.
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5 Software installation

You can download the programs from thevww.aarhugeosoftware.dk website. The
RES3DINVx64 package coes in a single copressednstallation file SETUP.EXE. It is a Windows
based installation program that willstall the program files. The default folder for the program is
C:\ProgramFiles AGS\Res3dinvx@. In this folder, you wilalso find a number ofexample data files
with a DAT extension.Tablel has a partial list ahe example data files.

Depending on the type of fielhuipmentyou areusing, the manufactar of the equipment will
probaby also supply yowith supplementary prograrend example files to convert the raw data files
obtained with the instrument intbeéformat required by this program.

Tablel. Someexample data filemstalled with the RES3DIM program.

Res3dinvx64xe Main inversbn program

Regdinvx64 _Intel AVX2.exe| Version of program optimized for recent Intel CP3ugporing
AVX2 instruction sets.

Res3dinvx64°DF Manual in ®DF format

Res3dinv_Guidepdf Brief guide for getting started ugj RESDINVx64

Resdinv.chm Windows Help file forthis progam

.datfiles Input files containinglata from DQIP) surveysin a formatthat can

be read byRES3DINVx64. In this manual, you can find numerous
examplesvheredifferent data fies are used fanversions with
different settings and configuratis

.inv-files Output files containingnversion results

.ivp-files Files cortaining inversion parameter settings

.bth-files .bth-files are used for batch inversions wherétiple data sets can b
schedukd for inversions See examples below in thigarual.

Ixt-files Used for forminga time lapse data set from individual data sets.

Combine-3D.ZIP Examplefiles used for demonstrating hawultiple 3Ddata setxan
be combind into a singladata set.

RES3DINV.INI Configuration file for the RESDINVx64 program.

/misc files Subfolder containinghumerous examples ofput and outputshit

can be used for téag different types of setups and/or ingpion for
setting uginversons.
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6 Using the program T a quick start

After installing the program,ug click the RES3DINVx64 icon to st the program. The
programwill first check thecomputer system to ensure that it has the necessary resources that is required.
It will check for the available memorand had-disk spae. If the program displays a wang, you
should quitfrom the progranand make the necessary ngas. As an examplbglow is a typical initial
information box displayed by the RES3DINVx64 program.

System Resources X

Number of CPU Cores is 10
Total Physical Memory 127.9 GB
- Free Physical Memory 127.9 GB
Free Disk Space is 1780.94 GB in drive e\temp_buffer\,
Screen view area 3072 by 1645
Maximum number of electrodes is 212500
Maximum number of data points is 800000
Maximum number of model cells is 1000000
Windows 10

3D Professional license

License number is 890

Update and support expiry date is 1-1-2020
RES3DINVx64 ver, 3,17.32 date 15-9-2019
Res3dinvx64 Professional version

Copyright (2019) M.H.Loke

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

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

o]

After cheking the computer configation, the programwill then display the followingVain Menu bar
near he top of the seen.

ﬁ RES3DINVx64 ver. 3.17.32 Professional - ID. No. : 890
File Change Settings Inversion Display Help Info

Read data file k

Data Editing >
Data Import >
Data Conversion >

Change buffer drive
Trace program execution

Exit

You can select an tipn by clicking it with the mouse cursor. If this is the first time you are
using the program, try reading in oo the smaller files suclas RO S7DAT provided with the
program. Click theFile choice, followel by Raadhdh afi f i | e 0 meaessarycrawgate te . I f
the folder where the RES3DINVx64 program is installed to find the example data files. Adftingen
the file, go toth elnvérs ond ompt and t h@Gmyatin @ @ s 8 i b.hThe irfvgysion o0 n
subroutine will start. Waifor about a minute fothe data to be inverted. If you need to stop the inversion
routine at any time, just clickié 'Next' subwindow at he botbm-right of the screen and wait for a short
while. By default, tle program will cery out 6 iterations thatam be increased if nessay.

After the inversion proceBiss phasy 0b eaeDibplay chnepnl ett
i nver si on-optioo ¥a lwid then bbdasked to select the itaatnumber, type omodel slice
(horizontal or vertical) and tygof contour interval After you have made the appropriate choices, the
program will then display the model slices
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7 Data file formats

When yousekct theiRe ad dat a f i | edaxribedeimtioe predus sedien, adtof d
files in the currenfolder that has anx¢éenson of DAT will be displayed. It is assumed that the files
follow the format required bthis program. If not, yowill haveto convet the raw data files using the
conversion program fothe particularesistivity meter system.ogne field equipmentystens, such as
the ABEM SAS and IRIS Syscal systems, come with a utility program to coineerav data into the
format requred by the RES2DINVXx64 and RES3DINVx64 progms. Many 3D data sts are collated
from a number of D surveylines. The RES2DINV&4 program has an option to combine the data from
a number of 2D survey lines into a-® dataset with the format reqred bythe RES3DINVXx64 program
(please refer to thmanual for the RESRINVXx64 program).The apparent resistivityalues are given in
atext file. You can use any text editor, such as the Windows NOTEPAD program, if you aregthati
data file manuallyThe dataare arraged in an ASCII delimited mannehere a comma or ahk space
or LF/CR is used to separate difémt numerical datdaems. If there is a problem in running this program,
one possible cause is that the input dattarranged in a wrongfmat. The following sections describe
the data fama for the differem survey electroe grid arrangements showmRigure 1.

7.1 Survey grid types

This section describes the types ofvey grids supported.he rectangular (sedbns 7.1.1, 7.1.2)
and trapezoida(7.1.3) are inteneld for surveys wih the electrodes arrangéu a regular patternf-or
more general arrangements, it is recommended that the arbitrary electrodes (7.1.4Houhddbe used.

7.1.1 Uniform rectangular survey grid

The arrangement ote electrodes is shan in Figure 3. The eletrodes are arranged in a
rectangular grid with a constant spacing between the electrodée irdirection (as well athe y
direction). However, the spacing between tHectrodes in the xdirection can baifferent from that in

they-direction.
X —»

» Electrode

Figure 3. Uniform rectangular grid.

A description of the data format isvgn below using the ROCH7.DAT datafile anexample is
given inTabe 2. The first data line givethe name of the suey line. The next two lines give the number
of electrodes in the-xand ydirections in the swey grid. This is folloved by the 4h and 5h data lines
that give the spaog between adjacerglectrodes in th&- and ydirections. In tis example, the numbe
of electrodes as well as the unit electrode spacings in thiedxy-directions are the samelowever, they
need nobe thesame The EKEBODA.DAT file is an example fiel data set collatedrom 10 parallel-

D lines that are spaced Ineters apart with I6electrodes positioned 5 meters apart along each line.
However, the unit electrode spacingbinth directions are set 5 mdersin the data file to reduce
banding effets (Loke and Dahlir2010).

The 6th déa line gives the array tgonumber. The differg types of arrays with the number
codes are listed in Appendix A. The 7th data line givesitmber of data points.hHE following sectim
lists the x and ypositions ofthe electrodes useih each measuresnt followed by the apparen
resistivity value.
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Tale 2. Example data format for a regular rectangular survey grid.

ROOTS7.DAT file

Comments

gardensquare0.5m Title

7 Number of electrodes direction
7 Numter of electrodein y-direction
0.5 X unitelectrode spacing

05 y unit electrode spacing

2 Array type, 2 for polgole

467 Number of data points

0.00 000 0.50 0.00 5B.46

For each d&a point, enterx- and ylocation of current

0.00 0.00 1.00 0.00 398.05 | electroee, x and ylocaton of potential electrodeapparent
0.00 0.00 150 0.00 424.08 | resistivityvalue
0.00 0.00 2.00 0.0041383
0.00 0.00 250 0.00 373.76
Repeat for all déa points
0 Followed by a few 0'shese are flags forther
0 options, such as topography
0
0

The example imakbe 2 is for the pok-pale arraywhere only the positions of twelectrodes, the
current electrode (Qland the potential elecle (P1), are listedt is assumed that the second current
(C2) and potential (P2) electrodes are sufficientlyffam the survey grid schat they do not influence
the measurements.

The datafile Block17x15 PDMAT in Table 3 is an &ample of a poledipole data set. The
poledipole array has 3 active electrodes. In the deohly the positions othe ore curent (Cl) and
two potential (P1 and P2Jectrodes are list

Table3. Exampleof a poledipole aray dda set.

Block17x15 PDHDAT file

Comments

FOUR BLOCKS

Title

17 Number of electrodes indirection
15 Number oflectrodesin y-direction
1.0 X unit electrode spatg

1.0 y unit eletrode spacing

6 Array type, 6 for polaipde

8523 Number of dta paints

0.000 0.000 1.000 0.000 2.000 0.000 55.84 For each data point, enter and y locations of

0.000 0.000 2.000.000 3.000 0.00%61.324 | the C1 ele¢.P1 ard P2electrales,

0.000 0.000 3.000.000 4.000 0.000 (402 | apparent resistivity value

0.000 0.000 4.000 0.000 5.000 0.000 50.1¢

Repeat for all data points

Followed by a few O:g¢heseare flags br other

options, such as topogpay

ellellele))

As an example of aarray with 4 active eleaides, we look at thdaa format for the dipole
dipole array in the example file BLK15DDP.DAT ifable 4. For eachmeasuemern, the x and y
locations of the C1, CEBland P2 electrodemust be given.
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The number of electrodesagsin the array is fied for the conventional arrays. In some cases, a
nonconventional array may be used or thead@as a combination ofeasurenentsfrom different arrays
(such as the dipeldipole and gradidrarrays). For sth data sets, the numberedéctrodes used faach
measurement must be specified. The file 3d_mixed_arrays.dat is an example with measfiremeie
dipole-dipole (with 4 electrode¥ and the polalipole (with 3 eletrodes). It is alwgs assumed thahé¢
data is in apparent resivity for surveys amied out with conventional arrays. However, for non
conventional arrays, the data can alsogiven as resistance uak. Adesciption of the data format is
listed inTable5. Note that anrmay number of 11 isised followed by the sufarray number. As this data
set consists of a mixture of data measunéith different arrays, aubaray number 6 O is used to
indicate a nosspeeific array. The nexdata line aftethe subarray number is header for the typefo
data. For a general array type, the user can enter the apparent resistivity value dstdreesgalue. The
type d datais gven inthe next data line, O for appatessistivity and Ifor resistance. fie next data line
after thedata type flag is # number of data points. This is followed by the data measurements
information. Note that eadthata line starts with gbinumbe of electrales used for the measurement.sThi
is not required fothe conventiorlaarrays described earlias the number of elfrodes is fixed. Next the
X- and ypositions of each electrode are listed followed by the r@mpaesistivity or restance alue
The paitions of the electrodes are alyg arranged in therder C1, C2, PAnd P2 (if the C2 and P2
electrodes are used).

Table 4. Example of a dipolelipole array data set.

BLK15DDP.DATTile Comments
FOUR BLOCKS Title
15 Numter of ekctrodes in »direction
15 Numbe of electrodes in ydirection
1.0 X unit electrode spacing
1.0 y unit electrode sging
3 Array type, 6 for polalipole
3360 Number of data points

1.00.00.00.0 2.0 0.080.0 49.9643| For each @ta pont, enter

1.00.0 0.00.0 3.0 0.0 4.0 0.660.1541 | x- and ylocations of the C1,

1.00.00.00.04.00.0 5.0 0.0 50.64% C2,P1and P2 electrodg

apparent restivity value

Repeat for all data points

Followed by a fev@'s: theseare flags for other

options, such as togoaphy

o|0o|0|O|
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Table5. Exampleof a data set with eed arrays.

3d_mixed_arrays.ddile

Comments

Mixed dipoledipole and poldipole
data

Title

10 Number of electrodes x-direction

10 Number of electrodes inrdirection

1.0 X unit electode spacing

1.0 y unit electrode spacing

11 11 for general aray, and O for no fixed suhrray type
0

Type of data (0 = apparent resistivity| Extra header needddr generd array format

= resisance)

0 0 for apparent resistity

2480 Number ofdata points

4100.00.00.02.00.0 3.00 29.968

41.00.00.00.03.00.040® 30.096

41.00.00.00.04.005.00.0 30.43§

41.00.00.00.5.00.0.60.0 30.810

41.00.00.00.06.00.07.00.0 31.0

For each @ta point, entemumber of electrodes
used, followed by xand y locationsof the electrdes
used, and thapparent resistivity value

Rest of the dipoldipole datapoints

30.00.01.000 20 0.029.964

30.00.0200.03.00.0 30.022

Poledipole data points wh 3 electrode posibns

Repeat for all data@nts

oo |0|0|"

Followed by a few 0's: these are flags for other
options, such as topography
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7.1.2 Non-uniform rectangular survey grid
In some areas, it may nbe possible to plee the survey lies at the same distance d@p®ne
possible sitationis shown inFigure4 where the inner surveynies are 0.5 meters apuaitile the ines at
the edge are 1.0 meters apart.hBodle such a situgon, the x andy-location of each surveynke must
be specifiedThe file NUGRID.DAT is an example data file with a nomiform survey grid. The first
part d the file with commentss as bllows.

Table 6. Exanple of a nonuniform rectangular gd data format.

NUGRID.DAT ile Comments
2 BLOCKS Title
9 Number of electrodes indirection
9 Number of electrodes indirection
Nonuniform grid Header to indiate noruniform grid
x-location of gridlines Heade for x-location ofgrid lines
0.0101.52.02.53.03.54%0 x-location of grd lines
y-location of gridlines Header for ylocation of grid lines
0.01.01.52.0253854.05.0 y-location d grid lines
2 Array type, 2 for polgole
992 Nunber of data points

0.000 0.000 1.000 0.000 29.934 First data point

0.000 0.000 1.500 0.000 29.91| Second data point

Format of the rest of the data filethe same as for a

uniform giid describedearlier

Repeat for dldata points

Followed bya few 0's: these are fladsr other options,

such as topography

[ellelle] el

Note the main difference in the data from that of a uniforataregular grid is that stead & the unit
electrode spacings in the and ydirections, the seéion contains theositions of each individal survey

grid line. This allows the spacing between the grid lines to vary across the survey area. One sitigation t
survey grid format isuseful is in acconmodating the gradient array whetlee C1 and C2 curmt
electrodes aresually placed at the edgef the survey aredhe distances of the current electrodes are
usually much larger compared to the survey sgpeaiithin the main survegea. The ron-uniform grid
option can be used to addtra survey gridihes to includete remote C1 and C2 eledles into the
survey gid. In this case, the spacing between the grid lines should be gradually increased Uil the
grid line reaches thouterelectrodes|f the survey was carried out tiicrooked or nofpaallel lines, the
trapezoidal (section 7.1.8r arbitrary electsde positions (section 7.1.4) data format can be used.

x-locations

y-locations
vp DO 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0

-
Electrode

1.0

1.5

2.0

2.5

3.0

Figure4. Non-uniform rectangular gai
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7.13 Trapezoidal survey grid

In areas with ruged and forested teain, it is freqeently not possible to pladbe survey lines in
a perfectly rectangular gird. This option allows moderate departures from a rectangulaeareabgf
the electroded-igure5 shows a possible elémde arrangemenibat deviates from a rectgular grid and
effedively forms a trapezoidal grid. Along each survey line, the number of electrodes must gt b
same. The exampleah a 7by-5 grid, 0 there must still be 7 electraglm each row. Thewgvey lines
need not be orthogonal, but dations greater than(O3degees are not be advisable. When the
RES3DINVx64 program reads in the data file, it whieck for trapeziums thdiave snall angles o are
degenerate (section 9.2.7The finite-element method used mighnot give reasonable ressiltif
degenerate trapgimsare present. For cases with larger deviations, the arbitrary electrodesviauizt
bebetter (see the followingectia).

# Electrode

Figure5. Exanple of a trapezoidasurvey grid.

In the data file, the % y- and zcoordinates otach electrode in the grid must be given. The x
and ycoordinates must be the true horizortabrdinates, and not d@écesalong the gound surface,
while the zcoordirate is the elevationThe file TRAPEDIDAL.DAT listed in Table7 gives an example
of the data format used.

One possible ambiguity whehd ground surface is néiat isin the geomtric factor used, i.e.
whether i is calculated usig the horizontatoordinates alone or linedistances where thecoordinate
is also used in the calculation of the distance between the electrodes. Tl dygmemetric factor is
probably not importart, but the program must use theme geometric factoas that used icalculating
the apparent sistivity value fromthe resistance (potential divided by current) values. In the data format,
the type of geometrifactor used must be gified to avoid anyambiguity. Most surveys will plusbly
calculate thalistance betweethe electrodes using the,YX coordinates onlywhich can be derived from
GPS readings. In the above example, a value of 0 is used to éndizdtthe geometric famwt is
calcuated ugng horizontal distances. Anothgossibility is to wse the linear dtance between the
electrods by using the (x,y)zoordinate (value of 1 in the above data format) of each electrode.

In some surveys, the gmetric factor may be oallatedusing the dstance along the ground
surfacepor some other critéa. To accommoda for this possibility, aiserdefined options available. In
this case the value of the geometric factor must be entered into the daftefildhe apparent resiaty
value (or afer I.P. value if present) for eladata point. Theile BLOCKS_TRAP.DAT is an example
with a use defined geometricaitor (actually calculated using the surface distance).

In the TRAPEZOIDAL.DAT file, the eleation of the electrodes set @ 0.0 in which case there
is actually no topgraphy. If topograply is present, theelevation is given as thecoordinate of the
electrode, as in the example BLOCKS_TRAP.DAT file.
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Table7. Exampledata file with trapezoidayrid format.

TRAHREZOIDAL.DAT file

Comments

2 BLOCKS with Shifted Y lines Title
14 Nunber of electrodes in-®irection
14 Number of kectrodes in ydirection

Trapezoidal Grid used

Header to indicate trapezoidal grid

Locationof electrodes given linby-line

Header

Line 1

Header for Line 1

0.0,0.0,00 (x,y,z)coordinateof 1st electroden Line 1

3.0,0.0,0.0 (x,y,z)coordinate of 2d electrode on Line 1

6.0,0.0,0.0 Same for other electrodes on Line 1

9.0,0.0,0.0

12.0,1.00.0 Note shift of 1 mof these 3electrodesin y-direction

15.0,1.0,0.0

18.0,1.0,0.0

21.00.0,0.0

24.0,00,0.0

27.0,0.0,0.0

300,0.0,0.0

33.0,0.00.0

36.0,0.0,0.0

39.0,0.0,0.0 (x,y,z)coordinate of last electrode on Line 1

Line 2 Heade for line 2

0.0,3.0,0.0 (x,y,? coordinateof 1st electrode on Line 2

3.03.00.0 (x,y,z)coordinate of 2nd elgrode on Line 2
Similarinformation is giverfor otherelectrodes

. and survey lines until last line

36.0,39.0,0.0 (x,y,z)coordinae of 2nd last electrode

39.0,3.00.0 (x,y,2)coardinate of last edctrode

Type of geometric factor (O=horizaal,
1=linear, 2=usedefined)

Header

0 0 to indicate horizontal distance used to
calculate geometric factor

2 Array type, 2 for polgole

1274 Number ofdata points

0.00, 0.00 0.003.00 101.4090

Location of electrdes and apparent

0.00, 000 0.00, 6.00 ar.4530

0.00, 0.00 0.00, 9.0003.320

Resistivity. The format for the rest is the same as
before for rectangular grids.
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7.1.4 Electrodes at arbitrary positions

In somesurveys, the posons of the electrodes caat fit into a simplerectangular or even
trapezoidal grid. This situation occurs because of physical obstrustimhsthat straight surveyines
camot be $ed (for example in very ruggeentin), or the datas collated fromsurveys over different
petiods. This is partidarly common in mineral exploration surveys where there are different survey
phases, usuallysing a series of quapirallel 2-D survey Ines. One possible situation iRasvn in
Figure6. In this example, a seriexf 2-D surveys lines were carried out at different times, with different
electrode spacingsd orientations. It is rigpossble to fit the lines into a rectangular oapezoidal grid
patten. To allow sucha situation, the model gtispecifying the bouweries of the model blocks is made
independent of the positions of the electrodes. This iferdiit from the normal otangubhr and
trapezoidal grid data formats whereetielectrodes are lated at the corme of the model block. The
model block discretation (which is independent of the electrodes positiarsgd is the noaniform

rectangular gd.
12450

+ + + + + + + + + + + o+
12400 |+ + + + + + + + 4+ + + + +

+ + + + + + + + + + + o+

12350 _| +
+ + + + + + + + + + 4+

+

+ + + + + + + + + + + o+

1200 L L4 s s i s s

L N T R
+ o+ + 4+ + o+ + o+ o+ o+

12250 _| ¥

+ o+ + + o+ o+ o+ o+ o+ o+ o+ o+

+
+ + + + + + + + + + + o+

12200 | +

+ + + + + + + + + + + o+

2100+ & + + + + + + + + + o+

+

12100

T T T T T
9750 9800 9850 9900 9950 10000 10050
+ Electrode Position

Figure 6. Suvey with electrodes at arbitrampositions. Map showg positions ofelectrodes from
different survey phases (markebly different colors). The different survey lines can have different
electrode spacings andamtations.

The positios specfied for themodel grid lines need not corpemd to actual elecbde positions
but are only used to specitye boundaries of theodd blocks. In the example shown kigure 6, the
spacings between the etidesin the surey lines range from 15 to 30 meteThus, a convenig model
block width would be about 10 to 20eters.

Another cadraint is the minimum distance between two electrode positions used in the same
array in thedata set. There should lat least2 (prefeably 3) nodes in the finitdifference or finite
element mesh betweethe two electrode positisn The program autortieally subdivides each model
block by 2 to 4 mesh lines in the and y-directions. Thus, ithe minimum spacing betwe two
eledrode paitions is 5 meters, the block ah should not be me than 10 meter$ 4 mesh lines per
modelblock is used. The suey area inFigure6 is about 300 by 350 metersf nhodel blocks with 10
meters widths are usd for the entire region, this wila model grid with29-by-34 blocks(or 986
blocks) for each nael layer. Since th@rogram uses 4 mesh lines in both horizontal directions, this
results in a huge finitdifference or finiteelement mds that requres a arge amount of computer
memory toimplement. The comyter system usetb process such data set®sld have at least dual-
core CPU with 8 GB RAM.

An example of a data set with some electrodes at arbitrary iquesitis the
BLOCK12x11_pants.dd file. A description of the new format delsito specify electides at arbitrary
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positions is given ifMable8. For this synthetic example data set, some of the electrodes ubedisted
data points fih on the rectangudr grid nodes, while a few areclted at arbitrary psitions. For may
field data sets, all oht electrodes mightelin the arbitrary point electrodes lisfTo avoidthe twaline
header for eachoint electroé@, it is al® possible taise a commssed format by specifying the header
6amressed format used f or . Asodnmdmple bfetlist seehd dils coor
BLOCK12x11 points_compressed.dat

If the data set has topography, theaordinate ofthe electrode gives theewatin. The
topogaphy information can also be erdd after the seatin with the datgoints, as in the normal ne
uniform grid datadrmat (see following section).

The nonuniform data format allows the spacing between the ingde lines to be diffent.
This feature an be used to reduce the modedi gize (in terms othe number of mael blocks) by using
wider spacings in areas wiethe electrodes are further apartHigure6, the electrodes are furthepart
between x-locations of 9950 to 10050. A widspecing between thenodel grid lineqfor example 15 to
20 metes) can be used to nack the model grid size (and thus the computer time and memory required).

The file Burra_1966res.dat is an exampleefil datasetwith electrodes in arbitrary positions
together with topogrphy.

Table8. Dataformat with arbitrarypoint electrodes.

BLOCK12x11_points.dat file Comments

Model with 3 blocks Title

12,11 Spediies 12 by 11 model grid
Nonuriform grid Header to specify nenniform gridformat
x-locationof grid-lines Header

0.00 1.00 2.00 3.004.00 5.00| x-location of model grid lines
6.00 700 8.00 9.00 10.00 11.00

y-location of gridlines Header

0.00 1.00 2.00 3.00 5.® | y-location ofmodel grid lines
6.00 7.@ 8.00 9.00 10.00

2 Electrode numbefpole-pole in this case)

Point Electrodes oute grid | Header to specify electrodes at arbitrary positions present

present

Number of poinelectrodes Header

5 Speifies numler of these electrodes

Point Electroddl Header for first dectrode at arbitary position

Coordinate®f electrode Header

2.00,1.50,0.00 Gives X, y, z position of electrode. If topography is present, th
coordinak gives the elevation

Pant Electrode 2 Header for second electrode

Coordirates of electrode Header

6.50,7.40,@0 Gives X, Y, Z positioof second electrode.
. Similar info for other point electrodes

9316 Number of data points

0.00 0.00 1.00 0.00 99.48] First datapoint

0.00 0.00 2.00 0.0099.366 | Second datagint
. Other dah points

9.40 900 4.60 8.60 98694 | Last data point

Ends with a few zeros

oO|0|0|0o
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7.1.5 Remote electrodes

Althoughfor the polepole aray only the locatons of two electrodes (the C1 aAt) are given in
the data file, in pactice all measurementseamade using four ed&#odes. To minimize the effects of the
C2 and P2 electrodes, it is generally recommendeadhbadistance of thesed eledrodes fromthe C1
and P1 electrodes must btleast 10 times feferably 20 tims) the maximum GP1. In sone cases,
when largespacings between the C1 and P1 electrodes are used, this requirement is not met for all
measuements. This could lead distations in the inversion model (Robiaet al. 1997). To overcome
this problem, theRES3DINV program allows the@ser to incorporat¢he effects of the C2 and P2
electrodes in the inversion. The data file roots7_remote.das gimeexample where the Gahd P2
electrodesare included.

There are two optitsfor the geometriactor used toaculate the apparent retigty values. If
onytheposi ti ons of the C1 and Pl electrodess@&dé® usS:
must be used. Ihe posiions of 'al the four electrodes are usedete a d e r O rRexria factor ugeedo
must be used. For the Ipadipole array, onlythe location of the C2 electrode is given as a remote
electrode.

Table9. Example data file ith renote electroas specified.

roots7_remote.ddile Comments
gardensquare0.5m Title
7 Number of electrodes ix-direction
7 Numter of electrodes in ydirection
0.5 X unit electrode spacing
0.5 y unit electrode spacing
2 Array type, 2 for polgole
Remoteelectrales included Header to indicateenote electrodes pa#ons are given
C2 remote electrode X, Y/Z | Header forC2
location
-25.00,0.00,0.00 X, y and z location of C2 electrode
P2 remote electrode X, Y, | Header for P2
location
-24.00,1.00,000 X, ¥ andz location of P2 electrode
Approximate geometric faor used| Indicates type of geometric factor
467 Number of data @ints
0.00 0.00 0.50 0.00 350.4f First data point
0.00 0.00 1.00 @O0 398.05 | The format ighe sare asthat u&d for normal data sets.
0.00 000 1.50 (000 424.08
0.00 0.00 2.00 0.00113.83
é

Ifthedemot e & e | etantclose w the otharrelectrodes and cannot be considenedyas
remote (or more than onaosition is used fo the C2 or P2 electrodes) theragr can no longer be
considered as pole-pole array but shoultie treated as an ayravith four electrodes. The C2 and P2
electrodes can be incorporated by extending the modluging the nomniform grid daa format
(section 7.1.2) until the outer lits of grid reacheshese electrode#\ wider spacing betweend¢hmodel
grid lines ca be used beyond the main survey area towards the C2 and P2 electrodes to minimize the
mesh sie. The apparent resistiy shauld be calclated using the exact geometritta.

7.1.6 Arbitra ry positions veras trapezoidal and noruniform grids

The finitedifference and finitelement methods give the most accurate results with rectangular
mesheswith the same mesh spagim the x andy directions (i.e. square model céliwar the electrode
locations. In sme surveys, the layout ofi¢ electrodes mightifder greatly from a regular rectangular
grid. While it is possible to use the trapezoidaihonuniform grid data famat to accanmodatesuch
surveys, it might result imighly distorted moel grid. The trapzoidal grid format could dve highly
skewed modl cdls, or the noruniform rectangular grid might have cells with widely different widths
next to each other. Both pes ofdistortionscan greatly reduce the accuradytite finite-difference and
finite-element forward modeling rauaes. It is recommerati that the arbitrary electrodes format be used
for such highly noruniform electrodes layouto that model cells o&latively uniform szes can be used
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where the electde are located. Phse refer to seicton 8. 9. 2 o:f2-D arld 8D dietticd or i a |
imaging surveyso notes on methods to odataformatze t he

7.2 Topography information
This section describes the fornfat topography infomation used byhe different survey grid

types.

7.2.1 Rectangubr grids

This covers the uniform and namiform rectangular grids described in sections 6ahd 6.1.2.
The elevatiorof eah electrodein the grid is entered in the ddtle after the sdon with the apprent
resistivity measurenmts. The data file BOCK11T.DAT is an example with topography which has an
11-by-11 grid of electrodes. The bottopart of the file with corments § given inTable10. The word
60Topowd amihst b e ile mmedateldaftathe last dpgarerit resistivity data point. Next,
the value 626 i n t hhatthex and gcocediraesngiénearlier arel distancese s
along the ground stace and not the tre horizontal dignces. This is probablygmormal case where a
cable with a constant separation bet we e indicatds¢hatt a k e o
the x and y- coordinates gien earlier are the true horizahtistances. Nexthie height of eacklectrode
in the gid is gven, rowby-row in the x-direction. For example, the values in the first row are the heights
of the electrodes ithe line at y equals toeters In this example, since there are 11 eled&sin the x
direction, there are 1lkalues in each row. This i®llowed by the heifts for the second row of
electrodes, and similarly for all the rows. A simpler and less fagitiat for the topographinformation
by listing the (x,y) coordinates of Iseted points with lhe elevation vaks can also be used (sentio
7.2.4).

Table10. Example topography information for the rectangular grid format.

BLOCKLT.DATfile Comments

é The uppe part of the file follows the
same format sidescribed earlier

8.000 10.00010.000 10.000113.3131 Last two resistivitgata points

9.000 10.000 10.000 10.000 102.7262

Topography Header to indicate topogrdny present
2 Indicates srfacedistance usd, 1 for

true horizontal distanes

0.00 0.00 0.060.50-1.00-1.50-1.00-0.50 0.00 0.00 0.0( Elevation at survegrid points

0.00 0.00 0.060.50-1.00-1.50-1.00-0.50 0.00 0.00 0.0d

0.00 0.00 0.060.50-1.00-1.50-1.00-0.500.00 000 Q00

0.00 0.00 0.060.50-1.00-1.50-1.00 -0.50 0.00 0.00.00

If the dda set contains topographihe inversion subrdine will automatically incorporate the
topography into the inversion model by using the dieliement method (SilvestandFerrari 1990.

7.2.2 Trapezoidal grids

The devation of each eletrode in a trapeoidal grid must be speddfi together with the- and y-
locations. Thus, the topography information is automatically included in the settilba data file with
thelist of the electodes.

7.2.3 Electrodes at arbitrary locations

If the data set has tography, the xoordinate 6the arbitrary elecbde in the list gives the
elevation, such as in the Burra_1966_res.dat file. The topografinynation can also be tmed dter
the setion with the data points, as the normal nornuniform grid data forrat (section 7.2.4), that\ggs
the elevation athe nodes of the rectangular model gadas an unstructured listhis is useful to set the
topography values in areaherethere are o electrodes.

7.2.4 Topography datain an unstructured list

In thisformat, the elevations atraimber of positionare listed, possibly including locations that
are not covered by the electrodes actually usde survey. The progmatheninterpolatesthe elevation
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at the surface adhe model grid usedrom the topogralpy data points listed in éfile. Table11 shows an
example of the data format used in the exardpte fileBLOCK11T_List.cht.

The exanple inTable11 uses a flag value fo2' to indicate surfaceistances are used ftie
(x,y) coordinates. A value of '1' is used for true horizontal distances which is nousedlyfor data in
the arlitrary eledrodes brmat.

This option is useful fothe data format witrelectrodes at aitrary locations where theumber
of electrodedisted in the data file is much less than the model grid size. Thisg@sghhme sectionsf
the model grid that arfar from an eleatode so the topography is not amtely defined. Thé option is
alsouseful when a model griddhis finer that thesuvey grid is used for D data sets with topography
to reduce banding effects (Loke and Dal2010). The same topagphy dda sction @n be used for the
data set but ith different modelgrid sizes. Notehis option cannot be usdor data with the traezoidal
grid format. You need to convert such data into the arbitrary point electrodes (sectain 8.9).

Tablell Example topography inforrtian given as an unsictured list.

BLOCK11T List.dafile Commats

é The upper partf the file follows the same format as
described earlier.

8.000 10.000 10.000 10M| Lasttwo resitivity data points

113.3131
9.000 10.000 10.000 D00
102.7262
Topagraphy Header toindicate topography present
2 Indicates surfaceélistance used in this example
Topography in unstructured list Extra header to indicate topogphy data given as a lis
Number d pointsin list Header
121 Number of tpography points
List of topography dta points Header with format used
(index,x,y,z)
1 0.0 0.0 0.00 1st topography data point
2 1.0 0.0 0.00 2nd topography data point
60 4.0 5.01.00
61 5.0 5.0-1.50
121 10.0 10.0 0.00 Lag topography datgoint
0,0,0,0,0 End with a few zeros
7.3 I.P. data

The data olleded from I.P. (Induced Polarization) surveys consists of two sets, the apparent
resistivty measurements and apgatrl.P. vdues. The file MODELS3IP.DAT is an exampldata file with
both resistivity andl.P. data. This program spprts three differentypes of I.P. data; (i) time domain
chargeability measurements, (i) frequency domain perdestjuency effect or phas angle
meauremerg and (iii) metal factor |I.P. vaés. The file MODEL3P.DAT has the .P. data as
chargeability vlues. The first parof the file with comments is listed ifable12.

The wordIP, placed aftertie datdine with the number of data points, is ugedndicate the dat
set contains P. measurements. This idléaved by the type of.P. data. The wordChargeabilityshows
that the I.P. data is given in terms of chargeabilifgny |.P. instruments easurethe chargealiity by
integrating the area uedthe |.P. decay awe. In this casethe unit is in msec (miecond). The
chargedility value obtained by this method is normally calibrated to the Newmasat) gtandard
(Summer 1976) so that the atgeabiity value h msec has the same numericalreas the chargealify
given in mV/V. The chargeability in mV/\is defined as the ti® of the secondary voltage immediately
after the current is cut off to the primary DC voltaghe next line gives #étypeof I.P. unit in this case
in mV/V. If the |P. measurement wasade in msec,thenh e wor d ¢ mased Knally,imwou | d
parameters relevant to the IP measurement are given. Fordom@in chargeability measuremerttese
are the delay antthe inegrdion time.
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I.P. values that are given other units are conerted into chargability values internally ¥ the
program duringhe inversion process. The relevant conversion equations may be found in the papers by
Van Voahis et al. (1973) and MNeon ad Van Voorhis (1973).

Table12. Examplel.P. data file.

MODELS3IP.DAT file Comments
RESISTIVITY & IP MODEL Title
8 Number of electrodes indirection
8 Number of electrodes indirection
1.0 X unit electrode spacing
1.0 y unt electrodespacing
2 Array type, 2 for pa-pole
712 Number é data points
IP present Word 61 RielPtispresem di c
Chargeability Type of IP data
mVv/V IP unit
0.1,1.0 Delay and integration times

0.000 0.0001.000 0.000 10.0544 (0’32 | For eath data wint, enterx- and ylocations ofthe

0.000 0.00 2.000 0.000 10.1311 0.8957 C1 and P1 eletrodes, apparemnesistivityand

0.000 0.000 3.000 0.000 10.1860 1.30( apparentP values

0.000 0.000 400 0.00010.1808 1.397

Repead for all data points

Followedby a few 0's: thesare flags for ober

options, such as topaaphy

o|o|0|0]"

For frequency domain measurements, the I.P. value is usually given in Percent Frequency Effect
(PFE). This is given as
PFE :100(r DC - rAc) / I ac
wherer pc andr ac are he apparent resistity values meased at low and high frequeies. For such
measurments, the format would be as ifable 13.

Tablel3. I.P. data givelas pecentfrequery effect.

Data file contents Comments
Percent fregency effect | Type of IP data
% IP unit
1.010.0 Lowerand uppemeasuement frequencies

I.P. values are also given as phase angles. In this case, theonmnitlip used is milliradias
(mrad) The LP.data setion would be given am Table 14.

Tablel4. |.P. data iyen as phase angles.

Data file contents Comments
Phase angle Type of IP data
Mrad IP unit
0.0,5.0 Lower and upper nasuremenfrequencies

I.P. data is sometimes giueas a metalfactor (MF) value The MF value ca be calculated from
eithertime doman or frequency domain measurements. In the time domain, the metal factor is value is
given by

MF = 1000 M/I’Dc
where the chageabilty M is given in terms of millisecod (Witherly and Vyselaar 1990 In the
frequercy domain, it is given as

MF = 1000@(FDO- rAc)/rAc2
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An example format for metal factor measurements is givaiaite 15.

Tablel5. I.P. data givensametal facor.

Data file conénts Comments
Metal factor Type of IP data
0.001 ms/bm.m IP unit
0.1,1.0 Delay and integration time for timgomain measurements

The inversionprogram tries to minimiz¢he difference letween the bserved and calculated
equivalent gparent chargealty values. I.P.values in percent frequen@ffect andphas angles are
directly proportional to the equivalent chargeability values. However, étal fiactor value also imlves
a resistivty value. The model which gives minimum RMSerror for the chayeability valuessometimes
does not give a mimum RMS error for the metal factor values. However, the actual effect on the
inversion model is usuglivery small.

7.4 Fixed regions

In somecass, the tue resistivity of a sgion of thesubsurface mighibe known, for exaple
from borehole resistity measureents. This program allows you to fix the resistivity of up to 4000
sections of the subsurfacenhe shape of the sectitmbe fixed mus berectanglar.

The data to fixhe model resistivity values ee entered intohie input data file after éhsection
with the topography information (if topography is present). As an example, part of the exiatapfite
MOD3DFIX.DAT is listed inTable16.

Tablel6. Example data file with axXid region.

MOD3DFIX.DAT Comments
7.000 9.000 8.000 9.000 9.882| Last three data lines
7.000 9.000 9.000 DO 9.837 | Notenotopogragy information in thisxample
8.000 9.000 9@0 9.000 9.337
FIXED REGIONS Headerto indicatemodd has fixed regions
1 Number of regions to be fixed
R Shape of fixed region, R for racgular
2.0,4.0,0.7 X, Y,Z coordinates & top-left-back corner
6.0,7.0,1.5 X, Y, Z condinates of bottorright-front comer
1.0 Resistivity of fird region
20 Damping factor weight for fixed region
0,0,0,0,0 A few zeros to end the data file

Thef r st it em IXEDREGI@N $ &ndickde that theFmodel has at Istone regio
where the resistity is to be fied. This is followed by # number offixed regions (1 in the above
example). Next, the shape of the region is given, which isr Refiiangular. For the remgularregion,
the x-, y- and zcoordinates of #top-left-back and bottormight-front cornersof the rectangular prism
are given, ashown in Figure7. The next data item is the resifty of the region. Afterthat, the dampig
factor wéght for the resistivig of the regon is needed. Thiparameter allosvyou to control the degree
to which heinversion subroutine can change the resistivity of the region. There is usually some degree
of uncertainty in the réstivity of theregion. Bordnole measurements canly give theresistivity of a
very limited zonenear the borehole. Thug,is adviséle that the program should be allowed (within
limits) to change the resistivity of the regidha damping factor welg of 1.0is useal, the resitivity of
the region isallowed tochange to the sanextent as otheregions of the subsurfaceodel. The arger
the damping factor weight used, the smaller is the change allowed in the resistivityef 6 f i x e d 6
Normaly, a value of dout1.0 to2.0 is used. If a relately largevalue is used, foexample 10.0, &
change in the resistivitpf the regon would be very small during the inversion process. Such a large
value should only be usefithe resistivity and shapof theregionis accuratey known.

If the data secontainsl.P. valuesknown IP. values can also be specified for fixed regidrse
fixed I.P. value is specifiedfter the fixedresistivity valuge and in the same fie. An example can be
found in thefile MODELS3IP_Fix.dat
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Rectangular regions

Data format
R { %1, ¥1,21)
X1: ¥1.21
X7, ¥2:27
P

2.0

{ %2,¥2.239)

Figure7. Fixing the lesistivity d a rectangular region in the inversion model.

7.5 Incorporating a known boundary

In some cases, the depth of a boundary between two lay@rsenit different resitivity values
is known from other sources such as boteldlata orseignic refraction suweys. Very frequently, there is
a rapid and sharphenge across the boundary, such as between a clay and sand layer. If the depth to the
boundaryis known, this infomation canbe incoporated into the inversion so thaettesistivities of the
layers carbe more accurately determined.

The example datalé Block11x12 pp boundary.datdble 17) shows the dta format for a
surface sirvey data setvith a sharp boundary specified. Tserp boundry settngs are plaed after the
main data section with the apparentstdgity values. If topography, fixed regions or water layer data is
present, they should bdaped after the maidatasection and béore the sharp boundary data section.
Note that his exampe data filedoes not have topography or fixed regions or wktger data, so the
sharp boundary data section follows immediately after the last data pointeach point on the
bourdary, the x, y and z coordinates are given. Thevalue is the deph bebw the surfae. The file
Block11x12 pp.dat has the same datg bet without the boundary specified. Figure 8 shows the
inversion model for the two data sefhe inversion modalith the diarp bomdary specified shows a
more distincboundary béween thetwo layersat a depth of 4.8 meters.

(a) Normal inversion model without boundary specified
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Flgure8 Inversion models for a surface survey, with and without a sharp boundary specifiecdata
file. The daawascreatedrom a synthetic model with a bounglat 4.8 meersbetween two layes with
resistivities of 30 ohm.m and 60 ohm.m.
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A spedal case of a sharp boundary situation is an aquatic survey using floating electrodes on the
water surface. Thelectrodes ae usudly on a streamer floating on the watirface ttat is dragyged
behinda boat. A bathymetric survey is usually carried gionultaneously with the resistivity survey, and
frequently, the water resistivity is measurda. most cases, theris a fairly small variation in the
resistivity of the vater layer tiroughoutthe surveyarea. A modification of the sharp boundary option is
available where the resistivity of the first layer can be specified. This is similar taxdwe fegions
option in setion 7.4 excep the entire first layer becomes tfiged region An exanple data fie with a
fixed first layer is the Water_Float_19x#@i& file. Table18 has a description of the dataefflormat. Note
the exra edionto indicate the resistivity of the first layis speciied.

Table 17. Data format for a known boundary

Block11x12 pp boundary.dat Comment

. Initial part of file

9.000 11.000 10.000 OO0 33.91§ Lastdatapoint
Sharp ayers present Header to indicate sharboundary peseant
Number of boundaries Header
1 1 boundary in this example
Bounday 1 parameters Header
Boundary type Header
Layer Type of boundary
Group weight Header
1.0 Enter 1.0 here
Number of points on bondary Header
132 Same as number ofeetrodes insurfacegrid
x andy and z coordinates of points Header
0.0,0.0,4.8 First point on first line y = 0.0
1.0,0.0,4.8 Second point on first line
10.0,0.0,4.8 Last point on firstihe
00,10,4.8 First point on second liney = 1.0
1.01.0,4.8 Seondpointon first line
10.0,1.0,4.8 Last point on second line
0.0,2.0,4.8 First point on third liney = 2.0
10.0,10.0,4.8 Last point on 14 line y= 10.0
0.0,11.0,4.8 First point on lag liney =11.0
9.0,11.0,4.8 Second lastpoint onlast line
10.0,11.0,4.8 Last point on last line
0,0,0 End wih a few zeros
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Table18. Floating electrodes survey with the wadssrer model as a knawbouwndary.

Water Hoat 19x12.dat Comment
e Initial part of file
18.05.018.0 2.0 18.(8.0 18.0 11.0 15.413 Last data point
Sharp layerpresent Header to indicate sharp boundary present
Number of boundaries Header
1 1 boundarym this example
Boundary 1paraneters Header
Boundary type Header
Layer Type of bounday
Groupweight Heade
4.0 Enter 1.0 here
Fixed resistivity of model @lls above boundary Extra header to indicate resistivity of layer
(0O=No.1=Yes) given
1 1 forYes
Resistivity valie Header
10.0 Resstivity of first layer
Number of pints on boumary Heackr
228 Sameas number of electrodes in surface grid
x and y ad z coordinates of pts Header
0.0,0.0,0.86 First point on first line y=0.0
1.0,0.0,0.86 Secod point on first lie
18.0,110,0.86 Last point for boundary
0,0,00 End witha few zeos

7.6 Underwater surveys

This section describes the datanfiat for a survey where some, or all, of the electrodes are
underwater. In such a survey, itimsportant that theféect of the waterayer is accurately accounted for
by the inversimm program The elevabn of all the electrodes, as well as the waterasayfmust be
measured. In addition, the resistivity of the water layer must be accuratelyraetkakhis is usualldone
with a portalte conductivity meter that frequentbtso measugs dher physical vaiables such as the
temperature and water pH. TheefVATER3D.DAT gives an example of the data format used. Sections
of the file with comments amgiven inTable19.

Firstly, note ha the format for the initial section of the data file, covering the apparent resist
measurements and the topography sections, is the same as that used for normal tansusuefgs. The
only addiional sectionis towards the end of the file whettee parametes d the water layerare given.
The most important parameters are théenuasistivity and elevation of the water surface.

In many surveys, all the electrodes arelemvater. However, th program will also handle a
situation where some of @éhelectrodesare abowe the waterevel. The program determines this by
comparing theslevation of the electrodes as given in the topography section with the elevation of the
water surface. The data fimat also requiresthe minimum and maximum-xnd ycoodinates of he
watercovered se@in. However, this information is at present notdusg the inversion program but is
included for possible new options in future.

If the datafie has a ®%detor (dedtion7.4)gthe anformation for the fixerkgions
shoud be given after thaopography information section but before the unaegr survey information.
The present version of RES3DINV requires the topography informatation for an underater
suvey. This i probably not a significant problesince the nverlakesea bottom sually has some height
variations. The file WATER3DNV gives the inversion model for the WATER3D.DAT data set. A plot
of the vertical sections emss the model withhe tgpography is stown in theFigure9.
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Underuater survey exanple

3t
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Figure 9. Example model frona survéy with underwater electrodes. Plot of the model sections with
topography from the WATEBD.INV file. The wate layeris indicatal by the blue zone at the top part of
the sectiors. Note hat some othe electrodes are above the water level, i.e.d#sset has electrodes

below as well as above the water layer.

Tablel19. Example data e with underwaterelectrodes.

WATERS3D.DAT file Comments
1BLOCK Title
12 x surface grd size
12 y surface grid size
2.0 X unit electrodespading
2.0 y unit electrode spacing
3 Array type, 3 for dipolaipole
1440 Number of datgoints
2.0 0.00.0 0.0 40 00 6.0 0.0 106.811 x- and ylocations of C1,C2,P1,P2
2.0 0.0 0.0 0.0 6.0 0.0 8.0 0.0 84.895 electrodss, followed by the apparent
20 0.0 0.0 0.0 80 0.0 100 97.331 resistivity value

Note @ame famat asland survey
Other data points

22010.0 220 40220 16.0 22.22.0 97.808 Last data point
Topography Header fo topography
2 Type of xand y coordinate

0.5 0.0 0.30.5-1.0-1.5-1.5-1.0-0.5 00 0.0 0.0 | Elevationof dectrodes
0.3 0.2 0.0-0.5-1.0-1.5-1.5-1.0-05 0.0 Q0 0.0 | Given row byrow
0.2 0.1 0.60.5-1.0-1.5-1.5-1.0-0.5 00 0.0 0.0

Elevation for other rows
-0.5-0.5-0.5-0.5-1.0-1.5-1.5-1.0-0.5-0.5-0.4-0.4 | Last row

Undemater survey @rameters Header to indicate underwat survey

Resigivity of water hyer Header

50.0 Resistivity of water layer

Rectamgular limits of water layer Header

0.000,0.000 Minimum x and ycoordinates of water
coveredarea

22.000,22.000 The mimumx- and ycoordinates

Elevation of water suafe Header

-0.2 Theelevation othe water surface

Type of geometric factor (1=suade,0=exact) Header

1 1 to indicate surface geometric factor

0,0,0,0
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7.7 Borehole, subsirface and long eleatodesdata format

The resolution of electrical survegsrried outwith eledrodes on te ground surface decreases
exponentially with depthOne method to obtain better resolution at depth is by making measurements
with the electrode boreholes. Croskorefole suveys ae much less frequently carried outhgaared
to suface baed surveysso unlike surface surveys, there are at presentonsmon standards with
regards to the arrangement of the electrodes. The surface electrodms araanged in one e grid
formats @scribed in section 7.1. The progrdivides thesubsirface into a nurber of hexahedral blocks.
The x and ylocations ofthe boundaries of the blocks are set using the surface grid. The vertical
positions of the bauwdaries are set atdtdephs where theborehole electrodes are located.

7.71 Boreholeelectrodes format(deprected)

This format was used by previous versiafisRes3dinvx64 up to ver. 3.16, but is not directly
used in the present version.oRr ver. 317 onwards a data ife given in this format is automatically
converted intahe subsurécearbitrary electrales format (section 7.7.2).

The file BOR9ALL.DAT is a example data file with crosborehole measurements using the
pole-pole array. A descriptionf the format usedsigiven below in Table 20. Note that in this example,
the measuremets ae male with thepole-pole array where only the C1 and P1 electrodesiged. This
example has a-By-9 surface grid and 4 boreholes with 8 electrodes in eacihdlereThus, the tota
numler of electrales is 123A similar dataset wherethe grid is specifiedin a noruniform format is
given in the file BOR9ALL NUGRID.datThe file BORHOLE3D.DAT gives an examplehere the
pole-dipole array is usedT@ble 21). The format for the initial section ii¢ same as or the alove
example, the only difference ike x, y- and zlocations ofthe P2 electrode is also entered in thagad
section. Parbf the data section is shown witomments inTable 21. If 4 electrales are usedin a
meaurement, the-xy- and zlocatiors of tte C1, C2, Pland P2 eletrodes are given in that order. The
array number is 12 focrossborehole survey data withéhmeasurements given agpapent resistivity
values. You can also enter theaa as resstance masurements, in which case the armaymberis 13.
This might be nore convenient as most resistivity metgjise the readingas a resistance value in ohm,
andfurthermore the geometrfactor for arrays with subsurface electrodes fitedint fromthe geonetric
factor for conventional surée arrgs. If |.P. data is preent, the format is similar to that usedrfnormal
surfacesurveys. The type of I.P. informanm is entered after theumber of data points and before the
apparent resiivity and IP. valus.

The borehole data format ded®md hasseweral important limiations. All the boreholes must
have thesame number of ettrodes, and the depths of thectiedes in the differentdseholes must be
the same. Also, only vertical l&holes are apported.The borehole format has been sgeeied i the
arbitrary subsumidice electrodes format (described in thédldaving section).

7.7.2 Arbitrary s ubsurface electodes format

This is a mdification of the arbitrary electrodes option thatows arbtrary sulsurface
electrodes including nevertical borenoles. he data fama described in section 7.1.4 is for sacé
surveys wherall the arbitrary electrodes are ¢he ground surfaceThe depths of the model layers
boundaries are set kthe user anddo not recessary coincide with the depth&ese tle sibsurface
electrodesare located.Appendix J describes a moidiftion of the dea format where the depths to the
layers are specified to ame they coincide with the borehole electrodes.

The example daa file Subsurface point_elecs.dat shows daga brma for sitbsurface aritrary
electrodes. A description of theatd format is gign in Tade 22. Thee are several important
modifications from the da format gven in Table8. Firdly, note heex r a header O0Subsul
electrog s p r e sdicate tbat theoelectrade might below the ground surfac&lext, the header
6Compr essed f oreecrddesaoadinde sfoéo ri npdoiicnatt e s ®rmabusa mor e
for the positioms of the arbitrary electrodes. This avoiti® need to entdwo extra header lines for each
electrode. In this compresd format, the first value is the electrode nunibeahe list This isfollowed
by the x and ylocationsand tle ekvationof the ground suface at this location. The last ualon each
data Ine is the depth of the electrodel®w the ground surface.

The first four electrodes have values of 0.0 fardepth, indicatingthat they are actually on the
grourd surfae. The lastfour electodes have norzero values to indicate theare below the mund
surface. As an example, thigth electrode is locate@.35 meters below the ground surface. Note this
valueis givenrelativeto the ground surface at the giverandy-location.

The file BOR9ALL_sub_user_depths.dat gives an examplkeoo¥ thedata in the(depreated)
file BOR9ALL.datis representeih thearbitrary subsurface electrodes format.
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Table20. Example crosborehole data filaising the polgpole array(deprecated)

BORO9ALL.DAT file Comments

1 BLOCK Title

9 X surface grid size

9 y surface gricsize

1.0 X unit electro@ spacing

1.0 y unit electrode gacing

12 array number 12 fa borehole grvey

Number of boreholes Heacdker

4 The numbeof boreholes

Borehole 1 Header

8 Number in electrodes in borehole 1

202010 X, y and z location of 1glectrode in borehole

202020 X, ¥y and z location dind baehde electode
Repeat for oher borelole electrodes

202.08.0 X, Yy ard z location 6lad electrode in borehole

Borehole 2 Header for 2 borehole

8 Number of electrode in"borehole

6.02.01.0 Thefollowing section gives the xand zlocations ofthe borelole

6.02.02.0 electrockes startng from the first boreole electrode.

6.02.03.0

6.02.08.0 Last electrode in second borehole

Borehole 3 Header for & borehole

8 Number of boghole electrodes

6.06.01.0 X,y and Zocation oflst boretole elctrode

Repeat the same for othéorehole electrdes

6.06.0 80 Last electrode in 3rd borehole

Borehole 4 Header for 4 borehole

8 Number of electroddsa 4th borehole

2.06.010 X, y and z location of firsiectrode

206.08.0 Last electrale in 4thborehole

6328 Numberof data poimts

2 0.00.00.a.00.00.099.39

2 0.00.00.02.00.00.098.50

2 0.00.00.03.00.00.0 97.63

2 0.00.00.04.00.00 97.14

2 0.00.00.6.00.00.0 97.23

For each data point, the first parameter is thenber

of electrodes use@ for polepole).This is followed by the x, y
and z loation d the currert electrode C1, and tlen the xy and
zlocations ofthe potential edctrode P1.

Repeafor other data poirts

22.06.0 70 2.06.08.099.38

Last data pint

0,000

End with a fewzeros

7.7.3 Long electrodes format

In some areas, existing wells or pipes with metal gasic an b e
provide more inform@on at deph thanwould be pssible with only suface electrodes (Rucket al.
2010). ® r 6 n oadnoded, the length of the electrode in contact with the ground is much shorter
than the spaog between the electrodss they are effectively assumedo poigt 66 redeseirc tte
modelingof the daa. If the length ofhie electrode isignificant, its length must be taken into account
when calculating the measured potentials associated Ivataléctrode. An examplé the data format is
given in theBLOCK12x12 long.da data file is given n Table 23. If the nmeasurements are given as
apparent resistivity values, the standard geometric factor usedrfoahpoint electrodes shlal be used

to convert the poteial valuesinto aprent resstivity values.
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Note the long electrodaaformation is phced after therray type information. If both long and
point electrodes at arbitrary positions are presbatlong electrodes inforation should be placed before
the pointelectrodesinformatian. The file Grid11x8 long_point.dat is anxample with bothpoint and
subsirface point electrodes. The type of long electrodes supported in the program is limitetct ve
long electrodes wiit the top on the surface. Moretaliés ebout modelirg with long electrodescan be
foundin section8.8df he 6 T utteosrbi abRPlINawal khe pajer by Rucket al.(2010).

Table21. Example cros®orehole data file usindné poledipole array.

BOREHOLE3DDAT file Comments

Initial section

2642 Numberof data points

00 0.0 0.0 1.00.0 0.0 2.00.0 0.0 100.273 | The format for each data pointrsimber of

0.0 0.00.0 2.0 0.0 0.0 3.0 0.0 0.0 100.255 electrodes used imeasurement-, y- and z

0.0 0.0 0.0 3.0 0.0 0.0 4.0 0.0 OM094 locations & C1 electrode; % y-and zlocations

0.0 0.0 0.04.0 0.0 0.0 5.0 0.0 0.0 980 of Plelectrale x-, y- and zlocations of 2

00 0.00.0 5.00.0 0.0 60 0.00.0 94.732 | electrode; apparentesistivityvalue

0.00.0 0.0 6.0 @ 0.0 7.0 M 0.0 93.977

0.0 0.0 0.0 7.0 0.0 0.0 8.0 0.0 0.0 94.35

0.0 0.0 0.0.0 1.0 0.0 0.0 2.0 ®100.273

WWWWWwwwlw

0.0 0.0 0.0 0.2.0 0.0 0.0 30 0.0 100254

Tale 22. Example data filevith arbitray subsurface point electrodes.

Subsurface point_elecs.dat file Comments
Model with surface athsubsurface point electtes | Title
12,12 x and y surfacgrid size
Nonunifam grid Header for nonuniformrectangular model grid
x-location of gid-lines Heackr

0.01.02.03.04.05.06.07.08.09.010.011.0 | x grid lines positions

y-location of gid-lines

0.01.02.03.4.05.06.07.08.09.010.0 01. y grid lines podions

11 General array data famat

2 Pole-pole subarray type

Type of measuremen | Header

(Resistivity=0,Resistance=1)

0 Apparent resistivity values

Point Electrodes outsédgrid present Header forarbitrary point electrodes

Numbe of pant electroes Header

8 Number ofarbitrary point electrodes

Subsurface point elctrodes presg Extra header to indicate subsurface electrodes
present

Compressed format used for pointedlodes Extraheader to indicate compact formasedfor

coordinates arbitrary electrodes

1 2.00®,1.50007.0,0.0000 For each etctrode, enter pat electrode

2 6.5000,7.5000,0.0,0.0000 number, x-location, ylocation, elevation, depth

3 0.5000,0.5000,0.0@000 below the surface

4 9.5000,9.0000,0.0,0.0000

5 050000.50000.0,0.3500

6 0.50000.5000,00,4.4160

7 0.1250,(3%000,0.0,8.5180

8 5.1200,6.900,0.0,0.5500

11468 Number of data points

20.000, 0.000, 0.000 1.000, 0.000, 0.000 19a.( The format for each datpoint is:

2 0.000,0.000, 0.000 2.000, 0.000, 0.000 99.9 electrodes used imeasurement;-xand y-

locationsand depth below surfac# C1

2 3.000,0.000,0.000 0.500,0.500,0.350 99.484 | electrodex-, and y-locationsand depttbelow
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2 3.000,0.000,0.000 0.500,0.500,4.416 98.910

2 3.000,0.000,0.000 0.125, 0.500,8.518 99.484

surfaceof P1 electrode
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Table23. Exanple data file with log electrodes.

Grid12x12 long_elecs.dat file

Commaeats

Blocks with long electrodes

Title

12,12

x and ysurface grid size

Nonuniform grid

Header for noruniform rectangular model grid

x-location of grid-lines

Header

0.01.02.03.04.05.06.07.08.00.10.011.0

x grid lines positions

y-location ofgrid-lines

0.01.02.03.04.05.06.07.08.0 900 11.0

y grid lines positions

11

General array data format

2 Pole-pole subarray type
Type of measuremats | Header
(Resistivity=0,Resistance=1)

0 Apparent resistity vaues

Long Electrodes Prest

Header to indicate long electrodes present

Numberof long electrodes

Header

2 Number of long electrodes
Long Electrode 1 Headerfor 1% long electode
Top Location Heackr for top of electrode

2.50001.5000,0.0000

X,y andz location of top end

Bottom Location

Header for bottom of electrode

2.5000,15000,3.8679

X,y and z location of bottom end

Resistivity and crossectional are

Header

0.0100,025000

Resstivity andcrosssedion

Long Electrode 2

Header for 2% long dectrode

Top Location

Header for top of electrode

6.5000,7.5000,0.0000

X,y andz location of top end

Bottom Location

Header for bottom of electrode

6.5000,75000,4.7613

X,y andz location of bottomend

Resstivity and crossectonal area

Header

0.0100,0.25000

Resistivity androsssection

10585

Number of data points

2 0.000 0.000 1.000 0.000 99.790

2 0.000 0.000 2.000 0.000 96.351

Standard format for data points
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7.8 Tank boundaries

This data formats intended for measurements readithin a rectangular laboratory tank with
norrconduding boundaries. Experiments are frequently conducted using a tank as theitsesist
shape of he materits are known and als can be easily chandeto test the wefulness of different
survey layputs. As the current cannot penetrate beyond thewaitik, they have a significant effect of
the apparent resistivity measured valu€ke effect of the tank walk must be igorporaté into the
forward moeling routine whith nomally assumes the subswéaboundaries extend to infinity. Note
that only arrag with four electrodes can be used for measurements within aTable 24 shows the
data format used to inctie the tank bouraties.The header to indicaterth boundaries are present is
placed after the sectionith the array type. In this example, it is a standard didglele array so ol
one line in the data file 5 used to kbt the aray type. If it is a gneral or mixed raay, all the four
information Ines for this array format must be given. The left agtt x and y boundaries locations
must be given. Note for the z boundary, othig depth to the bdtom of the tank is neded. Itis assumed
that the stface of the tanknedium is flat, i.e. it has ntopography.

Table24. Exampé data file with tank boundaries.

Tank _Model.dat file Comments
Tank Model Title
14,12 x ard y surfice grid &ze
Nonuniform grid Header for noruniformrectangular modiegrid
x-location of gridlines Header
0.0 2.0 4.0 6.0 8.010.012.014.0 188M1 X grid lines positions

20.0 22.0 24.0 26.0

y-location of gridlines

0.0 20 40 60 8.0D0.012.02.016.0189 y grid lines posithns

20.0 220

3 Dipole-dipole aray indicator
Tank Model Header to indicate tank data
Boundary positions Header

X boundary positionsX,+x) Apparent resistivity values
-4.000,30.000 Heade to indicate longelectrodegresent
y boundarypositions {y,+y) Heackr

-6.000,28.000 Numbe of long electrodes

z baundary position Header for #long electrode
40.000 Header for top of electrode
1980 Number of data points

20 0.0 0.0 0.040 00 6.0 0.0 99.042 | Standard fomat for data points

20 0.0 0.00.0 6.0 0.0 8.0 0.095.386
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7.9 Time lapse survey data fomat (Professional)
This data format is intended for survey measurements madiéfexent imes usng the sara
survey gril (Lokeet al. 2014a). The datfile Model_123n15.datin Table25 shows the data format used.
The first five lines follow the normal format used by a survey using the simple rectangidasegip
(section 72.1) in his exampleHowever,other survey arrangesnts such as theon-uniform rectangular
grid, trapezoidal and arbitrary electrodes arrangements sarbalused. The section with the titapse
survey information is given after thigme with the numier of datgpoints. Theh e a 'e Mmeo6 | apse dat
used to indicate tis isa data set with timeeris dat a. The next headeed 6Type
to indicate whether it is assumed the subsurface resistivity does not chaimggethe time it takes to
make a singleset of neasurements (stati@)r whether the igstivity changes during thattie (dynamic).
At present, o n | ysuppohesl. Tilesfdllcaving sediionslipt tthe number of tseeies
measurements (8 this exanple) am the timeinterval fom the frst measurement.
In the main data sean, the initial part is similato a normal data file with the x and y positions
of the electrodes are first listed in each data line. This is followed by the appesietitity valuefrom
the first, seconénd thid measurements usiniget same array cfiguration. Note in this caset is stated
that the dipoldaipole array is used inrle 4 of the data file. If a general array format is useable5),
the number belectrales used in the measunent should beastedat the beginning of eactath line.

Table25. Exampletime-lapse data file.

Model 123n15.daffile

Comments

Blocks Model with 3 timeeies Title

16,12 x and y stface grid &e

1.001.00 Unit electrode pacing in x and ylirections
3 Array type, dipad-dipole

2604 Number of data points

Time lapse data

Header to indicate tinWapse data

Type of time lapse data (O=static,1=dynamic)

Time-lapsemeasurerant typealways 0 for
now

0 Dipole-dipole array indcator
Number @ time sections Header

3 Threetime series for this example
Time unit Header

Hours Type of time unit

Second time section interval Header

1.0 Time from first setfaneasurements
Third time setion intenal Header

2.0 Time from firstset of measuremen

1.0,0.0 0.0,0.0 2.0,0.0 3@P 101.885,101.934,101.877 Data points.

1.0,0.0 00,0.0 3.0,0.0 4.0,0.0 101.120,101.176,101.2

For each data point in élexanple in Table 25, the x and y locationsof the C1,C2, P1, P2
electrodes are first giveripllowed by the apparent resistivity values of thmstfisecond and third time
series.
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8 File menu options
This section describébe saiesof suboptions unaérthe 'Filé menu ofion, as shown below.

B3 RES3DINVx64 ver. 3.17.30 Enterprise - ID. No. : 922
File Change Settings Inversion Display Help Info
Read data file

Data Editing >
Data Import >
Data Conversion >
Change buffer drive

Trace program execution

Exit

8.1 Read datafile
This option reads in a dafite in the RES3DINV 'dat’ format, as described eaih section7.

8.2 Data editing options
This covers several options that chatheinput data fle when tis read in

R RES3DINVx64 ver. 3.17.30 Enterprise - ID. No. : 922
File Change Settings Inversion Display Help Info
Read data file

Data Editing > Automatically switch electrodes

T- . Cut-off factor to filter data k
Method to estimate topography
i >
e Estimate data errors
Change buffer drive

Trace program execution

Exit

8.21 Automatically switch electrodes
Clicking this option will bring up tle following dialog box.
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Switch electrodes

In some resistivity meters. electrode positions are stored in orders resultin a
negative geometric factor. E.g. dipole-dipole positions may be stared inthe arder
C1-CE-F1-F2 rather than the carrect arder C2-C1-F1-F2.

Would vou like the program to autormatically switch electrodes for measurements
where geometric factor is negative? Mote that this setting does notwork for
dipole-dipole data and for cross borehole surveys,

f+ Do not switch electrodes " Autornatically switch electrodes

In gome data sets, apparent resistivities are "erroneoush” negative (e.g. forthe
C1-C2-P1-F2 dipole-dipole configuration with a negative geometric factor).

This option forces the apparent resistivity wvalues to be positive. Note that there are
cases where negative apparent resistivities might be real. In such cases, this setfting
should not be applied.

f* Mo-donotforce positive walues " Yes -force wvalues to be positive

For data sets using the Wenner-Zchlumberger configuration, the time for calculating
the Jacobian during inversions may be reduced by swapping potential and current
electrodes (e.g. assuming measurements were reciprocal).

YWould vou like the program to autormatically swap potential and current electrode
pairs when loading Wenner-2chlumberger data?

f* Mo-donot swap electrodes " Y'es - swap electrodes
After reading in the data set, the program will sort the data points according ta the

electrode psoition. and in some cases convert the resistance to apparent resistivity
values.

Do wou want to sawve the sorted and conwverted data setin a different file?

" Mo -do not save the sorted data * “Yes - sawve the sorted data set

(0] Cancel

This option allows the uséo automatically switch the positions of the electrodes so that the geometric
factor of thearray b positive The datafom somesurveys are recorded aesistance vatis. Aproblem
arises when the g of the resistance values are not recorded, i.g. ate all listed as positive. This
results in an inconsistent value when the getdmfacta for the array isnegative ard it shoud also
have a negati resistance vadu The second option automatisacorrects this error. It should be noted
that in sone situations, the negative apparent resistivity values might be real. In thigheasign of the
apparent egstivity should notbe automatically chayed to positiveThis is discussed in Appendix &f
the lecture notes by Loke (281 The third option swaps current electrqolgrs when loadingdatasets
usingthe WenneiSchlumbergerrray configumation This may reduce thecomputational workandtime
required to calculate ¢hJacobian during inversie (Loke et al.2020).The fourth optionallows the user
to save the dataafter it has beeread and sorted by the program. Theiceof the threeabove options
will be reflected in the resultingorted dataet.

8.31 Cut-off factor to filter data
Clicking this option will bring up the following dialog box.
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Cutoff value to filter data

To awvoid possibly very noisy readings, the program will autormatically eliminate
readings where the potential wvalues are likely to be wery small. The parameter used
is the ratio of the smallestto the largest potential reading. This ratio is usually
hetween 0.01 to 0.0001 {i.e. a ratio of 100to 10000 times). fyou wish to change

the cutoff value, please enter the new value below.

0.00001

Thig cutoffvalue will not be used to eliminate readings if the data is given as
resistance values, and the user does not select the option to change the data into
apparent resistivity values.

For the offsettype of arrays where the electrode are on different lines, using the
geometric factor alone might not be sufficient to identify the unstahle arrays.
Setting a cutoff walue for the geometric factor relative errar can identify most of the
unstable arrays not removed by the geometric factor cutoff.
Do you want to use the geometric factor relative error as well to filter arrays?

" Mo- do not use relative error f+ Yes-use geometric factor relative error
Cutoff factar far geometric factor relative errarto use (3.010 15.0) ’W

QK | Cancel |

- r

This option allows the useto automatally filter out data points ith very large g@metric factors that
are likelyto be noisy. The cutoff value is set as the rafithe smallest to the laegt geometric factor,
i.e. approximately the dynamic rangé the sydem usedio measus the potentl due b the current
injectedinto the ground.As an example, if a value of @001 is used, this will filter out data points
where the geometric factor imore than 10,000 times higher than the smallest geonfattr in the
data set. Fornon-colinear arrays,such as the offset tgpof aray (wherethe current and potential
electodes are on different survey lines), the geomédagtor relative error (Wkinson et al.2008, Loke
et al. 2014b) can be used totél out arrays thatare likely to be unsible. Ariays with high geometri
factor relative errors are very sensitive tarers in the positions of the electrodes.

8.3.2 Method to estimate topography

This option is only relevant for data with arbitrary modectrodes (sedbn 7.1.4)that has
topographyas wellandbr for data whes topography is specifieth an unstuctured list (section 7.2.4)
The program asthreemethods toestimate the topogpay for themodel grid, as shown by the following
dialog box. Ifthe point electrodes are uniformly distributed across the surveyusegthe neaest4
electrodes is usudl sufficiert. Howeve, when there are laggareas \th poor coverage (such asdh
bottom Idt region in Figure 10), together with large variations in the topography, themstdid
topagraphy can have vey jagged ontours. Toavoid this, the second methotidt usesall the point
electrodes tostimate thdopography will give a more gradual variation in tbpographyFor large data
sets, the two above methods tend éovbryslow. A third, generalized method allows the user to sgecif
the number of neighborintppograhy pointsfor the interpéation of each grid point. This method is
much faster tan the abovementioned methdidthe number of points with topography specifiesdvery
large, performance during data load can be improvedbstantially by not using all pus during
interpolation.The default setting is 50 whidiypically provides plausible topography interpolatiamd
pefforms well. If the specified number of eddrodes (or points with topography specified) eeed the
actual number of points|laneighbos will be includedfor interpolation
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Type of method to estimate topography

This option is only relevant for data with topography specified at point electrodes
orin a seperate list. Topography is interpolated to grid nodes by nonlinear weights
based on inverse distances to the nearest points where topography is given.

Two legacy methods use either the nearest 4 or all points with topography specified,
respectively. For large data sets. these methods tend ta be wvery slow.

Acthird method uses a much more efficient and generalized algorithm to search for
neighbaring paints. With this method. the minimum number of neighbors is specified.
The method does not work for trapezoidal grids.

For some data sets, large areas of the maodel grid might be far away from the nearest
topography paints. In such areas, using anly & few neighbaring points. might lead to
jagged topography. Increasing the number of neighbor points, will produce a
tupugfaphy interpalation.

" llse nearest 4 point electrodes " Llse all point electrodes
f* |lse nearest ED electrodes (fastest method)
oK Cancel

8.3.3 Estimate data errors

This option estimates the likely dataorsif they wee not diretly measurd in thefield survey using a
voltage dpendentmodel ghouand Dahlin 2008 It is assumed the likely dateise is proportional to
the geometric factor of the array used and also the sensitivity of the georaetdactd erors inthe
positions of the &ctrodes The user must enterthe valus for background noise, input current én
accuracy of the electrogmsitions in the followinglialog box.
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Estimate data errors

“ou can estimate the data error if itwas not directhy measured by using the geometric factor of the arrays
used. In general, the data error should increase with the geometric factor.

Calculate data error estimates - @ MNo-donotestimate errors © Yes - estimate errors
The estimated error use the assumed background noise in mY and the current used in MA. You can
defaultvalues below o fit the suryey conditions and the field instrurment used.

Background noise inm% - |0.&0D Current used in ma - (1000

Tywpe of normalization used for data errorwector. You can choose to normalize the data error vector so
thatthe average weights is equals to 1.0, which is the same as the case without the data error estimate.
This will give higherweights to the arrays with the lowest geometric factors in calculating the data misfit.
Alternatively wou can set the weights for the arrays with the smallest geometric factorto 1.0. The
contribution to the data misfit calculated for the arrays with the smallest geometric factors will be the
the same as without the data estimates, but the contribution for the arrans with very large geometric
factors will be greathy reduced. The owverall data misfitvalue reported will be lower.

Selecttype of normalization - * Use awerage weight of 1.0 = Set maximum weight of 1.0
To ensure the calculated estimated errors are nottoo small, & minimum walue is set for the estimated error
as a percentage of the measured value as field surveys will always have some background noise. The
pértentage error can be changed to awvalue which you think is mare appropriate for your sursey.

Minimum percentage error - |0.20

The error in the calculated apparent resistivity wvalue due to errors in the positions of the electrodes can
also be included if itis known. If 8 value of 0.0is given, the contribution of the electrode position errar
will not be included.

Electrode position error - 010

MOTE : This option must be selected before wou read in the file with the data set where the error values

are to he estimated.
(0] | Cancel

84 Data import

This contains a series of sobtions that handl the impott of datn from different resitivity
meter g/sterrs. Most sysgms comawith a dility program that converts thew field data into the fonat
used by the RES2DINV/BS3DINV programs. Please refer to the documentation for your field system.
Many 3D field dda setsare collagd from a sé&ies of frallel 2-D survey lires. The ES2DINVx64
program contains an option tombine data from differer®D surveys lines into d@ngle 3D data file in
the format used by the RES3DINV program.

Importing data from Geoso@&DB format

The program gpports import ofERT/IP data from a&eosoftGDB file. The importerassumes
that the relevant data is presentchannels withspecific predefined names. Forsaiccessfuimport, at
leastthe positim of one currenkelectrode anane potential electrode must be geat in he datdase.
These two chamels must be namedlX, T1Y, R1X and RLY, respectively. TIX/T1Y are (true)
horizontalcoordinatesof first current {ransmittey eledrode, andR1X/R1Y describethe position of the
first potential (receiver) electrod#d.only four channels with electrode positions are specifiedill be
assumd thatall measuremestare pde-pole Similady, 3 or 4 electrode configuratisrcan be importe
if channelsnamal R2X/R2Y (second pantial electrodeposition) andor T2X/T2Y (second curent
electrode) respectively, are present.

Furthermore, it is required thapparent reistivities can be extractedirectly or calculated from
channels vithin the databasé\pparent resistivities will be loaded dirgcfrom a channel namd@dHOA
if presert. Alternatively, if no RHOA channel is found, tipeogram will look for two channe named
VP and |, which wl be assumed to contain measured potential and cufgwen in Volts and Ampere
respectively)

Topography can also be imported if channedswed T1Z, R1Z, é etc. (corresponding to the
existing xpostion channely are available. It is assumed that topograplapd lateral (x,y) positions are
givenwith respect to true horizontabordinategsee above chapter on topographic data formats).
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I.P. datacan also be imported & channel named CHG exgstiRe8DInv assumes that such data
is given in units of msec and & result integrating the I.Rlecay curve from 0.1 s tbOs. If these
sdtings need to be changedtiey can easily be modified in the resulting -fil (see sectiof7.5).

The import procedurdor ReSDInv will use datafrom all linesof the importedGDB file and
assemblehis into a single .ddfile.

Note that theresulting file wil list all electrodes as point electrodes, and a defdulvy 10 grid
spanned by minimum/maximunoadinates of electrags will be specified. To proceed with a setting up
inversions, the usemust therefore adapt the grithe positions and resolution to the specific set of
measurement&ee section9.2.2).

Importing from GDB files requires installatioof a set of files The geps needed fothis are
de<ribed inAppendixO.
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8.5 Data conve sion options
This covers segral optionsthat cowert the input data fie.
B RES3DINVx64 ver. 3.17.30 Enterprise - ID. No. : 922
File Change Settings Inversion Display Help Info
Read data file

Data Editing >

Data Import >

Data Conversion > Combine 3-D files into a single data set
Change buffer drive Collate 3-D files for time-lapse data

_ Discretize streamer data file
Trace program execution Extend or refine model grid
Exit Convert trapezoidal grid to arbitrary electrodes format
Display maximum data and model limits

Save sorted data file

Convert vector array file to normal format

8.5.1 Combine 3-D files into a single daa set
Please refer to Appendix | for thedils on this option.

85.2 Collate 3-D files for time lapse data

This option allows the ser to comline sepaate 3D data files uing the ame suvey grid but
measured atdifferent times into a single timm@ps data file. On selecting this option, yeull be
prompted for a script file that contains the list of files todmenbined into a sijie file. An exampé of
the format for the scriptfile is shown in Table 26. Note the RES3DINV&4 Professional version is
required to caw out the nversion of a timdapse data set.

Table26. Example sapt fil e tocombine3-D datafiles into asingle tme-lapsefile.

Combire-3-timetxt file Comments
Collate 3 data files Title of this set of files
Time unit Heacder
Hours Indicates time intervals are in hours
Number of files Header
3 Indicates three fesin thisexample

Exclude measurement if not defindddhtimes | If measurenents a made for some but not all time
a given eletrode configurationthese masurements
can either be incded or ignored.

1 1 indicates that such nasurements will be eluded.
0 will let them be includediMissingd measuremas
will then be assigne@.0 resistivitywhich in turned
will be ignored during the insrsion process.

Convert resistance data to apparent resistivif If measurements argiven as resistancevalues,the
collate function may either retairthe use of
resigance or convert to appant resistivity.

0 0 Indicates that resistance values are retained.
Name offirstfile Header forfirst file

d\tempModel 1 n&dat Data file name inalding drive andolder

Time of measurement Header

0.0 Time of measwment,uswally 0.0 for first file
Name of second file Header for start of secorfde

d:\tempModd 2 n5.dat Nameof seond file

Time of measurement Header
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10 Time $nce first set bmeasurements
Nameof third file Header for start of third file
d:\tempModel 3 n5.dat Name of third file

Time of measurement Header

2.0 Time sine first setof measrements
Name of output time-series datdile Headerfor output combned file
d:\tenp\Model 123 n5.dt Name of timdapse data file

End file Indicates ed of bachfile

8.53 Discretize streamer data file (Enterprise)
Please referd Apperdix L for the detailsonthis option.

8.5.4 Extend or refine model grid

This opion uses the nenniform rectanglar grid data format (section 7.1.2) to extend thedeto
grid in the x and ydirections so that 1 or 2 extra rows of model blocksosumdsthe original grid usirg
thedialogbox belav. As an &ample, if he origiral grid has 11by-12 elestrode locationsthis option can
extend it to a 1dy-14 grid. This § usefd if there are structures just outside the area covered by the
survey gridtha have a signifcant influence on the measurerants. Thes external sucturescan be
included in thenversion modeby exending the model grid. The second option divithes malel grid
spacing by half in the x or y direction. This is useful whendie@ane bdween tle surveyihesis twoor
more tmes themline electode spacig.

Extend or refine model grid

This option extends the model grid in the x and v directions. ltreduces
artifacts due to structures outside the survey area.

Distance to extend x-grid (0, 1 or2) - 1

Distance to extend y-grid (0,1 ar2) - |2
This option reduces the size of the model cells in the x ory directions

by half, so that near-surface anomalies can be more accurately modeled.
Enter awalue of 0 for no model grid refinement, 1 to refine grid.

Fefine madel x-grid (D ar 1) - h

Fefine madel w-grid (0 or 1) - [

(] | Cancel ‘

8.5.5 Convert trapezoidal grid to arbitrary electrodes format

This option converts a thafile in the trapezoidal grid format (section 7.2.2) into the arbitrary
electralesdata famat (setion 7.23). First read in thefile with the trapezilal grid format,and then
selectthis option. Tle pragram will check through the electrode positioisseld &d will flag cases where
some of the electrodes in the trapezoidal grithftare dummy elet¢rodes ingrtedto saisfy theformat
requirements. e user an choo® to remove suchinused electrab bdore saving the data in the
arbitrary electrodesormat.If the unused electrodes are left out of the list of point electrodss ath
included astopographydata pointsin an urstructuredlist after the maindata setion that are usd to
estimate e ekvations at the model grid positions.

85.6 Display maximum model and data limits

This option displays the maximum number ofadptints ard modelcells alloved dependiig on
the software icense andhe computr memoy available. Badw is an exampl®f the output with the
RES3DINVx64 program on a comigu with 64 GB RAM.
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Maximum data and model limits &J

. \ Maximum data peints allowed 600000
' Maximum number of electrode positions 100000
~ Maximum number of model layers 60
Maxirmum number of model cells 600000
Maximum number of cells for model resolution calculations 100000

85.7 Save sorted data file

If this option is enabled, ¢hprogram will savethe datdile after i is readin. The atput dataife
will have thedata points resanged accordoto the positions of the current and potential elsgs.
you intend to filter out data points with large geometric factors amgéic factor relatve errors(sedion
8.3), it isrecommendd you seldcthis ogion bebre you read inhe data file. Tien dter you read in the
data file, save the filteredata h anew file. After that, carry out the inversion using the new file with
fil tered data.

8.58 Convert vector array fil e to normd format (Professiond)

This optionconvers a data file inhe vestor array format to the normal singtemponentormat.After
reading in the diaComwertivactorarrayléstenbreatforma & e ogsdawbd e
below. Thiswill bring up the folbwing didog box.

Cut-off amplitude for vector array weaker component

Setthe cut-off amplitude for the weaker component of a vector
array data set pair to retain when converting to normal single
component format.

Amplitude cut-offvalue (0.2to 0.9) - |050
ok | cancel |

The measument with the legeramplitude, such as in Figure 35b, is always gad tothe data file. The
weaker component is included only if its amplitudesisufi ciertly large. The acepade ampltude of
the weakecomponent ompareda the stonger componens set in the idlog box (for exampleg>0.55)

for it to be retainedn the daa file. This avoids measurements with very low potentials and vehy hig
geomdric factorswhere thecalculatedapparentesistivily value is ery sengive tonoise.The usemust
have the Rrfessonal or Enterprise software license to use ¢pison.

8.6 Change buffer drive

The program will automatically select the halidk drive with the largest anount of free space
as the bufér drive tostore terporary files used in thénversion routie. This option allows the user to
change the bufferrive, suchas to a faster SSD drive.

8.7 Set number of PU cores

Res3dinvx64 is palelized and execution riie for largeinversions can beeduced by using
seveal CPU coresGenerally a high numbebf cares results in the fastest inversions, but usinamny
cores also involves a aoputational overhead that increases execution timegeneral, only large
inverson problems benefit from usingall available CPU c@s. Note that some InteCPUs use
hypethrealing which (if activated) makes a computer appeanawe twice the number of CPU cores
(logical cores) than the actual number of pbtelscores.Hyperthreadig does not work well for the
cdculations performedy Res3dinv$4, and thenumber of CPU coreuwsed for inversions shédi not
exceed the number physicd cores on your computetrhe option to set the nurabof CRJ coresalso
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allows limiting hardware utilzation if inversions are run oa.g. shared comgational resources where
several usersaveaaess

8.8 Trace program execution
When this optin is enabled, theprogram will dump informationnto a R3DTRACEX64.TXT

file during theinversion process. This mainly u®d to trace problemin the program iftiis unable to
read orinvert a data fi.
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9 Change Settings

This menu option has mumber of sub-options where the user can modifyetmversion settings
used by the pragm.

g RES3DINVx64 ver. 3.17.32 Professional - ID. No. : 880 - D\Res3dinvx6d\Burra_1966_res.dat
File = Change Settings Inversion Display Help Info

Inversion parameters k
Model Grid Settings p
Damping and Filter Settings >
Inversion Settings >
Forward Modeling Settings »
IP Inversion Settings >

9.1 Change inverson parameters

This option willbring up the followng dialog box where sne commonly usedversion settings
can be easily modified.

Change inversion parameters

Initial Damping Factor 0.100 Minimurm Damping Factor |u 01000
First layer smoothing
Use higher damping for first layer? = No " Yes

Higher damping factor value for firstlayer (210 20) |50

¥ Line search on every itaration v Directly smooth model resistivity
Minimum % RMS change for line search :  [g 20

Model layers parameters

Thickness otfirstlayer : 1750 m.
Factorto increase layer thickness @ |1.15000

Model depth range setting. This gives the ratio of the depth to the deepest model
pseudodepth of the electrode arrays used in the data set (1.0to 8.0)

1.00

Number of terations : [5 Additional iterations when limitreached . [{
Convergence limit(inperceny) < 500

Automatically continue inversion when number of iterations reached for models
with large meshes of more than 0.5 million nodes if program has not converged?
" No-stop and prompt to add more iterations

* Yes - continue if not reached convergence limit

Cancel

Initial and minimum damping factors: The first two optionset the damping faatd used in thdeast
squares equatior{d.1). The nversion routine sirts by using the itial damping factor (@out 0.1 to 0.3)
thatis then progressively reduced after each iteratiowever, to avad instability in the model vales
due to a dampingattor value thiais too small, a minimurhimit for the damping factorsiused (usually
aboutone-tenth the initialvalue). If the dta set appears to be very noisy, and unusually lbiglow
modd resistvity values are obtained witihe default values, edarger valuefor the damping factors.
First layer smoothing This ogion allows the useto set a higher dampinfactor for the ifst model
layer. It can be useful in some situasdn awid unusualy large resistivity variationg the top layer
(Loke and Dahlin 20@).

Directly smooth modelresistivity: This option usethe following variaton of the leastsquare equation
(4.1)

(J'J+/ F)Dgk = J"gk, (8.1)

if the opton 'Diredly smoothmodel resistivity' is not setéed. Note this equan forces thechange in
model resistiy to be smoth [Og) but does at ensure that the rdd resistivity is smoth.

Line search a every iteration: The leassquares equation (4.@yually provides agood estimate of the
magnitudein the change of the odel resistivies in order to reduce ¢hdata misft subject to the
smoothness constrainsal. This option triego find the optinum magnitude for the change in the model
parametersisng aloca line search. In connection with thaption, the user caspecify the mirmum
change in the dataishit for aline search to beacried out.
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Model layers parameters Thesesettings controlglegths to the layers used in the inversion model.
Thickness of first layer- This the layer thickness the first layer irnthe inverse mad.
Factor to increasdayer thickness- The thicknes®f each subsequeneeger layer is usuallyncreased
since he resolution of the resistivity method decreasethwlieph. This seting controls the rate of
increae of the layer thicless.
Model deph range setting- This sts the maxmum depth of the dgpest layers. Normalithe program
sets thaleepest layer atbait the maximum depth of investigation (Edward3 QDf the arrays sed in
the data set. This opticallows the user taxéend the depthange of the model.
Number of iteratons - This sets tB maximum number ofterations the progranuses before it
aubmaically stops. However, the program does not #meinversion but will ask the user whether
additional iterations are tbe used. Norniky 4 to 8 iterations aresed.
Additional iterations wten limit reached- This sets the default @itional number ofiterations to be
added when the maximum number tefationsis reache. If the value is greater th&n the program will
automatically poceed with the inversiowithout stoping if the convergnce limit has not e reached
for cases Wwere the number afodes in the finitedifference or finiteelement msh usedexceeds500,000
nodes. For large modeld, ¢an take several hmior days forthe program to convergé&.his avoids
stopping the progra for several hoursof a user input if thanaximum number ofterations set is
reached at odd hours when thegyam is not being nanually monitored.
Convergencdimit - This sets theercentage dataisfit in the inversionof the appagnt resistivity dat
where the program W stop. Normally a alue of between 2%md 5% should be used, depending on the
guality ofthe dat. In this grogram, the relative change the RMS error, rathehan an absoletRMS
value, is used tocaommodate dferent data setwith different degregof noise present.
Automatically contirue inversion- For models with large finitéifferenceor finite-elemem meshes with
millions of nodes each iteration mightake more tharone hour. As the inveran to the nunber of
iterationsset could take sevdrhours, the program ight stop when ihasreached the maximum number
of iterations set a time whenit is not being monitored. This opticalows the program tautomatically
continue if it has not ra&ched the cavergence limit ewe after it has reackidhe number of iter&ins set.

9.2 Model Grid Settings
This is a group of options thatmtool the discretiation of the subsurface intoylers and blocks
used a the inversiomodel. The following lis of sub-options is listed whetthis menu option isdected.

ﬂ RES3DINVxE4 ver. 3.17.32 Professional - ID. No. : 880 - DARes3dinvxed\Burra_1966_res.dat
File Change Settings |Inversion Display Help Info

Inversion parameters

Model Grid Settings k > Modify depths to layers
Damping and Filter Settings y Maximum model depth calculation method
Reduce effect of side blocks
Inversion Settings >
_ _ Display model grid for point electrodes
s e S ’ Rotate model grid to minimize grid size
IP Inversion Settings > Rotate model grid with user defined angle

Optimize model grid spacings
Change model x and y grid spacings
Use finer topography interpolation

Display trapezeidal grid

9.2.1 Setings for model layers depths and sides

Modify depths to layers This option allows the er to directly change the dapib the model layers.
This can be weful to directly set thedepth to a ayer to coincide vih a known boundaryThe figure
below showsan example dialobox using this option. Here the user can type aréw cepth values.
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[ i ' Medify depths to layers l&r
Layer New Depth Present Depth Layer New Depth Present Depth
1 102 1.02 21 [ None
2 219 219 22 [ None
3 [3.53 353 23 [ None
4 [5.08 5.08 24 [ None
5 6.86 6.86 25 [ None
6 [8.91 8.91 26 [ None
7 113 11.3 27 [ None
8 140 14.0 28 [ None
q 71 17.1 29 [ None
m [ None 30 [ None
11 [ None k]| [ None
12 [ None = None
13 [ None 33 [ None
14 [ Mone 34 [ Mone
15 [ MNone 35 [ Mone
16 [ None 36 [ None
17 [ None 37 [ None
18 [ None 38 [ None
19 [ None I [ None
20 [ None a0 [ None
0K ‘ Cancel ‘

Maximum model depth calculdgion method: By defaut, the programuses the median depth of
investigation method (Edwards9lr7) to estimate themaximum depth range fathe model. Thioption
allows the user to use the maximum array flbng stthe modeldepth range.

Reduce effect ofside blocks In the inite-differene or finite-element mesthused to calalate the
apparentesistivity values,heresistivity of themodel cells at theides and bottom extend to the edges of
the mesh. e distanceto themesh edges can be more thartifes the maximum aryaength, so th
side model blocks have@zes mucharger than the inter blocks. This cases the sensitivity @cobian
matrix) vdues associated with the side cells to be much tatgethe neighboing interior cells. In some
ca®s, this can cause thesistivity vdues of the side cells kailated bythe inversion methibto have
unusually gh or low values. Tls option allows th wser to trim the sensitivity values for the siddls

by differing anounts, as shown by the dialbgx below. A better wato incorporag effects of structures
outside the sirvey grid is to etend the model gridlightly beyond the imediate survey aregection
8.9).

Reduce effect of side blocks

Do wou want to reduce the effect of the madel cells at
the sides ofthe model? In some cases this can reduce
the occurence of unusually high ar low resistivity
walues at the corners of the model.
Feduce effect of side model cells?
" MNone " Slight " Moderate
v Severe " Truncate

(0]8 | Cancel
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9.2.2 Settings for data in arbitr ary electrodeand non-uniform grid format

Display/edit grid and view point electrodes This opton displays themodel grid together wit the
positions ofpoint electrodes for a dataldi with the arbitrary electrodeqsection 7.1.4pr nonuniform
grid format (7.1.2) It will highlight electrodes usecdithe same array that nfigbe too cbse together
(lessthan 2mesh nodes). fie user can add or remove the model dngs in this disfay so as to
optimizethe model gd to achieve a béance between a sufficiently® mesh and a minimurmumber of
modelcells. An example of alpt showingthe model grid anthe eletrodes is shwnin Figure 10.

BE RES3DINVxES ver. 3.19.1 Enterprise - ID. No. : 2075

File Change Settings Inversion Display Help Info

Inversion parameters

Model Grid Settings » Medify depths to layers

Damping and Filter Settings 5 Maximum model depth calculation method
Reduce effect of side blocks

Inversion Settings >
Display/edit grid and view point electrodes

i i »
Forward Modeling Settings Rotate model grid to minimize grid size
IP' Inversion Settings » Rotate model grid with user defined angle

Optimize model grid spacings
Change model x and y grid spacings
Use finer topography interpolation

Display trapezoidal grid
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+ Point electrode = Point electrodes too close together in same array(89)  +Point electrodes close together notin same array(166) Repeated point electrodes(0) D Model cell
Right mouse button - Add x-line, Left mouse button - Add y line, X key - Remove x line, Y key - Remove y line

Figure10. Example display of anodel gridwith abitrary poirt electrodes.
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The display odata can be modifiedi t h e dBniu sptidnwaitlirdothe sib-window sfowing the
model grd and é&ctrodes.

B | RES3DINVx64 ver. 3.17.32 Professional - ID. No. : 890 - Grid Design Window
File ' Display Help Exit

Display data point electrodes

Display point electrodes not used *

Display topography

Display data point electrodes This opton displays the ektrodes used by alseted datgoint in green.
Point electrodes display optionsThe user can selenbt to displaythe electrodes listed ithe data fie
but are not useby thedaa points.

Display topography- This option drawshe topography coatirs.

Rotate model gid to minim ize grid size: This option rotates the model graltomatically to findhe
minimum moe! grid that can accommatk all theelectrode positiondn sane cases, thasuvey lines
are aligned at a significarangle to the truéNorth-South and EastVest diredbns, patticularly those
collated from a series d-D survey lines usip the RES2DINV®4 program. This resultin a large
model with empty spaes attwo corners. ieexample (in the file LSN_Resistivitgslobal.dat) showmni
Figure 11 has inclined lines with largareas without data ithe NorthWestand SouthEast sectionsf
the modebrid. For this dat setafter a rotatbn of 20 degrees (in the file LSN_Registty Local.dat), he
x-axis of the modegrid is aigned dong the diection of the survey linesigure12). The rotatio of the
modcel grid reduces thenodelgrid from 68x4 to 64x26 model mesh lines. This redsitke number of
model cells by about h&lThe finite-element mesh sizeused in the inversion routirig also reduced by a
similar factor. The reduction in the gridize reduce the computer timand menory requiredby more
than half. When this option i®ekected, the progrna automatically caldates the agle of rotation tha
will give a minimum model gd size. It will then ppmpt the usefor the name of the fileo save thalata
set with the mdified model grid anl data coordinates. Note thendy coadinates in the datset will be
changedo local cerdinates However,the true coordinates are alstored in the data &l so that the
reallts can be translatdekck into the original coordintes wha saving the iversion model values into
the XYZ forma (section 11.1) odisplayed on the seen (sectioril.3).
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+ Point electrode |:| Model cell

Figure1l. Example a model grid witinclined survg lines resulting in largempty spaes at the topeft
and botom-right two corners.
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Rotate model grid to with userdefined angle: This option also automiatlly rotaesthe modd grid to
minimize the grid size usinan angle selected blge user. This mgyht be useful in some ses to alignthe
x ory grid directionto the main d@ection of the survey lines.

Optimize model grid spacings This option automatally adjuds the spadngs betveen the model grid
lines to mhimize the number of odel cells. Itwill generally use widespacings inareas with few
eledrode mstions. Thismight be useful for very large surveyids to reduce theomputer time and
menory requiredto processthe dah set. However, it is recommestithat a uniform moderid should

be used where possible.

200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 1100.0 1200.0 1300.0 1400.0 1500.0 1600.0 1700.0
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+ Paint electrode || Model cell

Figure12. Model grid afte a rotation of 20 degrees so that thed®l grid axis is ligned along the
direction of thesurvey lines.

Change model x and y grid spacings This option changethe x and y mad grid spacings. In the
example bebw, the survey wasarriedout using arelectrode spacing of 100 m along linesthe x
direction wth spacings of 2000t400 m betwen thelines in the y direction. To reduce the e mesh
size, a widespacing is usgin the ydirection.

Change x and y model grid spacings

CurrentX and % model grid spacings are 100.00 and 200.00. Minimum electrode spacing is 90.00.
Feplace present model grid with @ new uniform arid? ¢ No, use present grid. ‘Yes, use new uniform grid.

MNew ¥ uniform model grid spacing = [T00.00  New' uniform model grid spacing - [20000
‘YYou can extend the model grid by changing the X and %Y limits listed below.

MNew minimum X grid position - [657211.00 New maximum X grid position - [682761.00

New minimum Y grid position - [6252900.00 New maximum Y grid position - [270750.00

Instead of changing the minimum and maximum positions of the model grid manually, you can selectto add
two model grid lines atthe edges of the grid automatically. Add edge model grid lines automatically?

" No, do not add edge grid lines. + Yes, add extra edge grid lines.
Do youwant to use wider grid spacings in regions with few electrodes? This can significantly reduce the
number of model grid lines if the distribution of electrodes is very iregular, or if there are remote electrodes
used with the pole-dipole or gradient type of arrays.

" Mo, do not adjust model grid spacings. * Yes, automatically adjust model grid spacings.

Cancel

The x and yedges of the modairid can also be chaged directly by entering the coordinateor
automaticallyby choosing the opiih to add tw extra grid linesat the sides. This reduces fatits at the
edges othe model duedtstructures outside thregion coveed by the electrodeusedn the survey.

The user can also choose to optimilze grid spacings sthat wider model gd spacings 1@ usedin
regionswhere there are few electrodessich as in the regiobhetween the ma survey area and the
remote electrales used in gradiemand wle-dipole typeof sur veys. Thi ©ptimiz
model grid spacing® o pt irileed pravieiss/.c
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Usefiner topography interpolation: The pogram normally estimas the elevatius at the corners of
themodel grid wsing the topographyaluesat the pointelectrodes (and an unstructured topogsagata
list if avalable). From the elations at e corrers of the nodel grid, it calculates theeslations at the
surfa@ nodes of thelx4 finite-element mesh ithin each mdel cell using liear inermolation. Ths
option calculates the elevation atkarode individuall so that nofineartopography ariationslocated
within each model block can baken into account.

Refine tepography for model grid

This option is only relevant to data with arbitrary point electrodes and
topography. The normal method estimates the topography atthe corers
the madal grid cells, and sets the elevations atthe interior nodes from
the cornerwvalues. This option estimates the topography of each interior
nodes individually. This gives slightly mare accurate results in areas
with large topography wariations. This option will only be used ifthe

4 nodes permodel grid option is also used. You will need to read in the
the data file if vou selectthe finer grid option to apply it

' Use normal topography grid " Use refined topography grid

0K | Cancel
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9.2.3 Settingsfor data in trapezoidal grid format

Display trapezoidd grid

This option dsplays the xy model grid Figure 13) used for dta setsin the tragzoidal grid
format (section 2..3). It will highlight sections ofltegrid that have trapeams with smél interior angles
(Figure 14c), or degenerate trapems Eigure 14d). The finte element method @sumes the trapeziums
in the malel grid are convexHgure 14b). If the grid ha trapeziums thatra degeerate, the fiite
element method might not give reaable results. Eveif the trapezium isnathematicdy conwex, it
might still be numerically degeneratdue to the finite auracy of the ihite element method. The
program wil consider a trapéam to be degenerat& one side has zero length (i.e. tweattodes in the
grid fall at the same pte) or anriterior angle is less than 1 degree or more tharBldegrees. In such
cases, it would b better to use the arbity electrales data format (sgon 7.1.4) so thathe model cells
are rectangular regardie of the distribubn of the electrodessed in thesurvey.

2 BLOCKS with Shifted ¥ lines grid

[0.0.39.00) [39.00.39.00)

(0.0,0.0) [39.00,0.0)
Mi and i x grid spaci are 3.00 and 3.16. Mini and i v grid spaci

are 3.00 and 3.00. Nominal x spacing 3.00.

Minimum and maximum length of sides of cells are 3.00 and 3.16. Maximum side legth ratio for a single cell is 1.05

Figure13. Example trapezoidal gridisplay.

2 3 3

s Electrode position

Figure 14. Type of model grid @ments.(a) Rectangar element. (b) Convex trapezoidal elerhe(c)
Almost degeerate trapezoidal @nent. (d) @generde concave tapezoidal element.
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9.3 Damping and filter settings

This group of ptions controls the dammpg factors ad roughness filtarusedn the smoothess-
constrained leastquares method. €following list ofsub-options is listd when thisoption is selected.

% RES3DINVx64 ver. 3.17.32 Professional - ID. No. : 890 - DARes3dinvxed\L5N_R3D _Global.dat
File Change Settings Inversion Display Help Info

Inversion parameters

Model Grid Settings >
Damping and Filter Settings > Vertical/Horizontal flatness filter ratio k
Inversion Settings > Change of damping factor with depth
. . Use diagonal filter components
i e A ’ Use sensitivity values to damp near electrodes
IP Inversion Settings ’ Use L-Curve method to select damping factor

9.3.1 \Vertical/Horizontal flatness filter ratio
You can selecthe ratio of the relatr weights gven to the dampindactor for the vertial
flatness filter C,) and horizontal latness filters ¢y and Cy). By default,the same daping fador is

usal for all of them. However, ithe anomalies in thespudosection arelongated vertically, gu can
force the program to piduce malds that arealso elongated vertically by selectinghaher value (for
example 2.0) for theatio of thevertical flatnessfilter. For anomalies that arlongated horizontally
choose a smigr value (e.g. 0.5).

Choose vertical-to-horizontal roughness filter ratio

If the main structures of interest are elongated in the vertical direction,
you can choose to optimize the inversion parameters for vertical
structures by using a higher weight (for eg. 2.0) for vertical roughness
filter. However, if the main structures are elongated honzontally, you can
choose a smaller smaller weight (for eg. 0.5) for the vertical filter.

Please enter the ratio of vertical to horizontal filter weight - 10

You can adjust the relative weights for the horizontal filter. The filter
weights in the x- and y-directions are usually given equal weights. If

the structures have a dominant strike in one direction, it might be useful
to use a filter with a larger weight in that direction.

K-direction filter weight |4 g Y-direction filter weight 10

The program will normally adjust the weights of the roughness filter for
changes in the dimensions of the model cell. This option allows you to
use the same weights for all the cells, i.e. without taking into account
the dimensions of the cells.

Use the same roughness filter weights for all model cells?

" No - adjust weights + Yes - use same weights

OK | Cancel

This optio also allows theser touse differentweights in thex andy directions.In sane cases, the data
set might be from airsgle 2D line which has bendswhich is generally aligned irhé xdirection. You
can essentially drce the program to prodaa 2D model by putting the wight in the y-directon to be
much higher than the-dtirection, for example a gight of 1 in the xdirection andl0 in the y-direcion.
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9.3.2 Change of dampingfactor with depth

Since the resolutio of the resistivity metbd decreasegxponentially withdepth,the damping
fador used in the inversion leastjluare method is normaflalso increased withach deepdiayer. This
is dore in order to stabilize the imvsion process. Normg] the dampingfactor is increased by.(b
times wth each deeper lagebutyou can changét. Use a larger value if the model si®unnatural
oscillations in the resistity valuesin thelower sectims. This will help to suppreske oscillations. You
can also selethe choice to allow thprogram to @termine the valut increase the dampig factor with
depth automatically. Thimight be a good dice if the thicknessf the layes is much thinnerthan the
default values.

Increase of damping factor with depth

The present setting is 1.020

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. Normally, the damping factor is increased
by 1.02 to 1.20 times with each deeper layer.

Enter the value to increase the damping factor =- | 1 g50

OK | Cancel

9.33 Use diagonal filtercomponents

Thenormal 3D roughness fier used inthe leastsquaresriversion method hasamponents in the-, y-
and z-directionsonly. It has a tethency to produce stetures withboundaies that arealigned along the
horizontal ad vertical directionsparticularlyif the L1norm inversionmehod is ued (Farquharson
2008). Onemethod to redce this effect is to include componentsthe diagonal dections as well
(Figure 15) Sekding this optionwill display the following diabg box.

Use diagonal filter components

The normal roughness filter has vertical and horizontal components only. This option allows wou
to use filter components in the diagonal directions in the horizontal and vertical planes.

Do youwant to use the xy horizontal diagonal raghness filter? * Yes " Mo
Do youwantto use the xz and vz vertical diagonal roughness filter? T Yes & MNo
Do youwant to use the xyz vertical cross-diagonal roughness filter? " Yes & Mo

Mormally the diagonal filker components hawve the same weight (1.0) as the horizontal and verical
“You can change the weight for the diagonal components by setting the value below.

Weightfor diagonal components (05t 200 140

Do youwantto use a higher damping for the first model layer? This is normally used together with
the diagonal horizontal roughness filter to to reduce near-surface artefacts in the imversion model for
3-D data sets sets that are collated from parallel 2-0 survey lines.

& “Yes-use higher damping for first layer " MNo-use same damping as other layers
Higher damping factar value for first layer (2 ta 20) ; W
Do youwant to extend the range of the horizontal filters to the nearest 2, 3 or 4 model cells? This
might be useful ifthe survey consists of 2-D lines with separations of more than twice the inline
electrode spacing.

& Mormal 1 cell " Extend 2 calls " Extend 3 cealls " Extend 4 cells
(o] 4 | Cancel |

In the firstoption, 'Horiorntal roughness filteryou can chosee to apply the dgonal @mponents intie
horizontal directions only in they plane. The secondption, 'Vertical roghness filt€, will apply the
diagonal components in thez andy-z vertical plane as well. Thaliagonal components ar@mally
given the same weightss thenormal horizonal and vertical components. Howeveretieights given to
the diagonal compong&ncan be mdified by the userMany 3D data sets are collatdrom a number of
pamllel 2-D survey lines. The inversion ndeEs for sud data sets someten haveprominent baded
anomalies aligned in the-»and ydirections (Johanssoet al. 2007) in thenearsurfacelayers One
methodto reduce such artifacts is tse a higher dampinfactor for thetop model layers (the logv
option inthe dialog box) tgetherwith thex-y diagonal filter (Loke and Dahlin 2010)t the lines are
semarated by more thamvice the inine electrode spaaig (Figure 12) the artifats can be further reduced
by extendiig the range of theoughnesfilter by 2 or 3 model cells.
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a) Coupling of 3-D model b) Normal horizontal roughness c) Normal vertical roughness
cells in roughness filter filter with x and y components filter with z component

e e
] A\

= Y

X —» X —»
d) Horizontal roughness filter e) Extended horizontal roughness f) Extended horizontal diagonal
with diagonal x-y components filter across 2 model cells roughness filter across 2 cells

A f
T
: 4 l

X —» X —» X —»
Figure15. 3-D roughness filtersvith differert components.

9.3.4 Use sensitivity values talamp variations nearelectrodes

On sdecting this option, ta following dialog box is shownin sane surveys wih subsurface
electrodes, prominent awifts are observeckar the subsurfaceesitrodes (Lke et d. 2015). ThHs option
basically applies aigher damping factorar model cellswith higher sensitivity &lues to supress this
artifact

Reduce variations near electrodes using sensitivity values

To reduce the resistivity wariations near the borehole electrodes. you can use the sensitivity
values. This is more useful in cases where not all the horeholes electrodes are used, far
example when the subsurface electrodes are actually arranged along a horizantal line.
Doyouseant to use the sensitivity values to setthe damping factors?

* “Yes-use the sensitivity values " Mo -do notuse the sensitivity values

You can setthe degree inwhich the wariations near the electrodes are reduced by changing the
value below. A larger value will result in smallervariations near the electrodes.

Damping factar increase to reduce variations - 3.00

“'ou can also control the degree the variations near the electrodes are supressed depending on
the sensitivity walue. A smaller value will resultin a greater reduction in the resistivity wvanations in
parts of the madel that hawve higher sensitivity values.

Rate of damping factar reduction with sensitivity == [2.00
Only model cells above a set cutoff sensitivity value will be subjectto a higher damping factar,
Cutoff sensitivity walues to set higher damping factor = [0.20

0K | Cancel |

%, J

This amplitude 6 the extra damping to apply near theattodes, the ratat which the extra aaping
decreaes to the background value (1.0), and the cutddensitivity value fomodel cells whee the extra
damping is pplied are st in the dialog bwofor this option.
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9.3.5 Use L-curve method to select dampig factor

If you sdect this option, thgprogram wil attenpt to find the optimum damping factat in
equation (4.1) usinghe L-curve methd (Farquharson and Oldearg 2004; loke et al.2014a).For vey
large data &ts with more than 10000 data points @mdmodel parametsy the time taken ireach
iteration could be significantly increased as it is nesasy to solve the leasquares equian many times
per iteraiton to find the optimum dampinéactorvalue.

Uze L curve method

“ou can selectthe L curve method to estimate the
optimum damping factor for each iteration.
Use L curve method?

&+ Mo, donotuse ™~ “es, use L curse

lse same norm for L curee calculation as in the
data irversion?

f+ Mo, always use L2 Yes, use same norm

Ik, | Cancel ‘

The first option selects the-turve methd. In some cases,here the Linorm is &lected in e dataand
model nversion (section 9.4.2), it caesult in a curve #t is not smodt. The second option caltates
the euivalent L-curve Pr theL2-norm, evernf the L1-norm is selected.
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9.4 Inversion settings

This is a group of settingthat contrd various aspects ® the optimization method use@he

55

following list of menu suboptionsis displayed upon seaténg this tem.

ﬂ RES3DINVx64 ver. 3.17.32 Professional - ID. No. ; 890 - DA\Res3dinvk64\L5N_R3D_Global.dat
File =Change Settings Inversion Display Help Info

Inversion parameters
Model Grid Settings
Damping and Filter Settings
Inversion Settings

Forward Modeling Settings

IP Inversion Settings

Automatically reset settings for pole-pole data
Select robust inversion

Type of optimization method

Try to optimize model at each iteration

Use reference model in inversion

Use combined inversion method

Limit range of model resistivity

Choose logarithm of apparent resistivity
Jacobian calculation options

Time lapse inversion settings

Calculate model resolution

9.4.1 Automatically reset settirgsfor pole-pole

This option allows theiser to use a défent set of inversiosettings ér datacollected vith the
pole-pole array. If thé option is enabledhé program willautomatically read in thsettings fom a file,
POLEPOILE3D.IVP stored in thesame folder as the RES3DINVX64 program.

9.4.2 Select robtst inversion

This ogion is usedd seled¢ between tle normal smoothnesmnstrainedL2 norm) and robst/
blocky (L1 rorm) inversion method (Lke et al. 2003). The followingdialog box appears wén this

option is selected.

Select smooth or robust inversion

Data Inversion
YYou can choose the standard least-squares constraint that attempts to minimize the square of
the difference between the measured and calculated apparent resistivity values, or a robust
constraintthat is less sensitive to very noisy data points.
" Standard least-squares constraint (L2-norm) ' Robust data constraint (L1-horm)
Enter data robust constraint (L1-norm) cutofffactor - [0.7000

Model Inversion
The standard least-squares model constraint tends to produce where the model resistivity
changes in a smooth manner. The robust or blocky constraint tends to produce models with
regions of more uniform resistivity values with sharper boundaries. Selectthe method that
more closely corresponds to the geology of the area.

" Standard least-squares constraint (L2-norm) Robust model constraint (L1-norm)
Enter model robust constraint (L1-norm) cutoff factor = [0.1000
Use adaptive automatic model L1-norm cutoff factor? & No " Yes

Do you want to reduce the effect of the model cells at the sides of the model? In some cases
this can reduce the occurence of unusually high or low resistivity walues atthe corners of the
model, particularly if the L1-norm model constraint is used. Reduce effect of side model cells?

" None " Slight = Moderate " Severe " Truncate

oK | Cancel |

The convetional leastsquars method will attempto minimize he squae of the diference (L2 norm)

between theneasured and calculatepparentig@st v i t vy
attempt to minimize the absolutedifference (or thdirst power, L1 norm) beteen the measured and

v albusedstaco Bh & ad Rdlld

calculated aparentregstivity values FarquharsomndOldenbuig 1998. This methods less sensive to

very noisy data pints. Inas i mi | ar
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where absolute spatial @nges in the model sistivity values is mnimized, canpared to the normal
smoothnessonstrained method wene the squarofthe clanges is mininzed. This obust model option
tends o produce a mad with sharper boundaries. Both theodel and data robugonstraints have a
cutoff factorvalue.This value étermines the extent the L1 noiconstraint is usedhicontrast tahe L2
nom constraint.If a large alue is used, the ethod Boomes effectiely the L2 norm method. The
opt i oadapiive sudomaticl-n or m f awsttre prograatd ddjestthe cutdf factor for each
model blockdepending on the locahodel roughaessat theblock. The rolbig model castraint can
sometimes praluce models wh unusually high or low values at thdges. This effectan be reduced by
redwing the effetof the sde modeblocks (section 9.2.1).

9.4.3 Type of optimization method
This option allows you to chosetwo different methods to seé theleastsquaresquation (4.1).
On selecting this menypton, the followirg dialog box will beshown.

Type of optimization method

Flease select one of the following optimizaton methods.

" Standard Gauss-Newton & |ncomplete Gauss-MNewton
Incomplete Gauss-MNewton options
Enter convergence limit for the Incomplete Gauss-MNewton method. A walue of
between 0.005 and 0.02 (0.5 to 2% accuracy) is normallyused. = [0.0T000
Use data compression method with the Incomplete Gauss-Newton method? This is
is required if there is insufficient memany for the entire Jacobian matrix.
Use data compression? - f+ Mo, donotuse.  Yes, use data compression.
Avalue of hetween 0.001 and 0.020 (0.1 to 25%2) is narmally used for the cut-off walue
of the data compression method.
Setcompression cutoffvalue - (000200
Secaling the matrics could reduce the computer time for some very large data sets.
Scaling Jacobian matrix? - " Mo, do notuse. * “Yes, use scaling.

Standard Gauss-Newton options

By dlefault, the prograrm will sokve the least-squares equation using double-precision
calculations. ¥ou can reduce the time taken by using single-precison calculations
without singificantly changing the results.

Select precision of calculations - * Double " Single

(0]:4 | Cancel |

Optimization method: Thed St an d aiNé w Ga n-8gsares method usesdaect methodto
solve he leastsquaes equationwhere an exact sdion is obtained. Intheory, this produces the most
accurateresults but the coputer time increasewith the cubeof the nunber of malel blocks. If the
number of d&a points and/or modelells is lage (more tkan 50000), thetime takento solve the least
squaregquation coull be the most timeonsuming part of thmversion procesd.o reduce the invein
time, an #ernatve method hat calculates an approximatelgion of the leassquares equain ¢the

0 lcamplete Gausble wt o nhidd) usimg an iteteve linear conjugategradient method. The user can
set the acuracy of the solion. For most dataets, an accucy of abou 1% (i.e a convergence limit of
0.01 n the above dialog bd»seems to mvide a salition that isalmost the ame as that obtaideby the
0St andusNdwGand met hod. uBaeyt foriexampldeb,hwill inhtheorygiveac
resultthat iseven closert o t h e 0 S tNaenwdt amettdod Buathisis ahe expensef alonger
inversion tine.

Data conmpression For verylarge dita sets and ndels (overl00000 data points/model ldok s ) a
compe ssi ono oiped withnheoi | sn plpperaussN e wt on 6 met h o dJacebiaa n
matrix is lager than thecomputer menory. The fastwavelet trasform method deveped fo this
programis probably one to two orders of magwié faster than stdard wavelet transfo methods for
large 3-D models.The data compression method tm<utoff where Jacolan matrix vdues (or its
transform) ha are lesghan the limit seire nd used. Normdy a value of 0.001 (0.1%) to 0.01 (1%f)
the maximum vale is used. Setting higher cutoff value will reducethe memory required by the
compessed Jacobian matret the costof lower acuracy. The dault value of 0.003 is proball
sufficient for mostata sets.

-
> QO
o o
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Jacobian matrix scaling The time taken by théerative solution rathod can beignificanty reducel
by scaling the diagonal elemts of the Jacobian rtr&x product.
GaussNewton numerical precision If t h e d8wssdlewtbaiir dne t lshosen, thesprogram
normally solves thenatrix equation usig doubleprecision alculations. Tis opion enableghe user to
carry out the caldations in singlepredsion which B alwut twice as fast. Homost datasets, the
differene in treresults is sually small.

9.4.4 Try to optimize model at each iteratin
This is the samesathe line se&h opton discussd earlier in section 9.1 whera local
optimization ing quadrat interpoldion is usedd find the gtimal change in #h modelparameters.

94.5 Use reference model in inversion

The leastsquares agption (4.1) minimize a combinatio of the nodel smodhness and the data
misfit. Sonetimes, an additionatonstraint isusel wherethe model musbe 'closeto some reference
model & shown below.

(J'J+/ (F+mh)) Dgk =J"g- /FQk-1- / m(Qx-1 - gm)

An additional dampindactor mthat controls the degreavhere the inversion model iddse' to a
referencemodel gm is used The rderence models usually ahomogeneous halpace mdd. The
following dialog box shows the settings thah be selected lifze user.

Use reference model constraint PG

In this option, wou can constrain the model so thatthe dewiation of the model
resistivity from & homogenous reference maodel is limited.

Use this reference model constraint? * “Yes " No

Flease enter the damping factor value for reference maodel. A larger damping factar
walue will resultin & model with less wariations from the reference model.

Damping factor value (0.01 to 1.00) ; ’027

“'ou can choose to use the default reference resistivity walue (usually the average
of the apparent resistivity] or a user defined reference value by changing the

the value given below.

Walue of user defined reference resistivity:  [29.342

You can use a constant reference model damping factor for all the model cells ar
use an adaptive damping factor that adjusts for dewviations from the reference.
ze adaptive reference damping factor? 7 “Yes * Mo

Faoran |.F. data set vou can use the same reference damping factor for the P
model or a different damping factor.

Use same damping factor for LF. model? & Yes = Mo

Ifwou choose to use adifferent |.F. reference damping factor, enter the walue.
|.P. damping factar value (0.01 ta 1.00) W

The average apparent P value inmvis - 0.37

Y'ou can selectto use this reference ILF. model value or setitto zera.

¢ Use average apparent |.F.walue " Use zero reference |P. value

Ok | Cancel |

The refeence resistiity valueis normaly set at the average of thepgpent resistivity vales.
The usercanalso ®t the refereceresistiviy value. A constanvaluefor the refeence damping factom
is normally useddr all the model del s . The mpa chap téptwoehllads & noruniform
damping factor that geends on the sensittyiof the moel cells ard deviationsfom the refeence model
to be sed. Ifthe data sebas |.P. measurements the user can sédect to use a va of zero, insteadfo
the averagepparen |I.P value for the reference I.P. modehhue. This is the I.Ralue for raks without
any polarizake minerals.

9.4.6 Use combine inversion method

This option is intended for unusual sitioas where the datsensitivity valueof the model
blocks ae significantly distorted by large resisity variations. In sme situationssiwch as asurvey over
avery low resistivity body, thecurrert paths coulde distorted such that parts of the sutiace are not
well-mapped and have velyw data seriivity values in he inversion model. This couldad to large
distortions just belw the low resistivity bog. By combiring the Marquardtdr ridge regressionyand
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Occam (or smoothnes®nstrained) imersion methods, ehdistortions in someases might dredued.
This opton should be used as a lasso# if everything eks fails! It ssemsto give better rests in
resohing compact structes whee the width ad thickness are slightly smaller thametdepth, such as a
cave or orebody wheae size is jusslightly less tha its depth. In theory, it isgssible to just use ¢h
Marquardt ¢r ridge regression) metbd alone. Havever, it has beefound ha this methd is unstable
when the data contains seiif a model witha relatively large nmber of modeparamegrsis used.

9.4.7 Limit range of model resistivity
When you skect this opion, the fdlowing dialogbox will be shown.

Limit range of model resistivity values

“'ou can choose to limitthe upper and lower values of the resistivity values
the inversion model can take. In some cases. this might be necessany to
ensure that the model resistivity walues do not becaome too large ortoo small.
" Do not limit resistivity values * Limit range of resistivity values
Setupper and lower limits for resistivity range.
Enterupper limitfactor: [so0- Enter lower limitfactor:  [0.020
Selecttype of reference model resistivity.
+ Uze average resistivity " Usze first iteration resistivity

oK. | Cancel |

This opton allowvs you to limit the range of resistivity values thaietinversion subrdine will
give. In tke above examp] theupper limit for is 20 times the average n@desistivity value Wile the
lower limit is 0.05 times (e. 1/20 times). The program use fiddinits thatallow the actual resistivity
model valus to exceed the liits to a certain dege. However,his opion will avoid extremely small or
large moel resistivity valueshat are phyisally unrealistic. The gea can alsahoose to use thiaverson
model obtaned at the first iteration as the refape model.

9.4.8 Choose logarithm of agarent resistivity

By default, the program will use the logahmin of the apparent ristivity values & the dita
parameterhen carryig out the inversionFor nog cases, tlsgives the best results. In some casers,
example with megative or zero appamt resistiviy, thisis not posgble. This option enables theparent
resistivity vdue itself tobeused f@ such situatins.

Use legarithm of apparent resistivity

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

&+ |ze logarithm of apparent resistivity € Use apparent resistivity
This option automatically remowves negative calculated apparent

resistivity walues during the inversion if the optian to use the logarithm
of the apparent resistivity was used.

Automatically remove negative apparent resistivit?

{+ Mo, do not automatically remowve " Y'es, automatically remaowve

(8]:8 | Cancel

In same cases, particulg with arrays thahave large geometric factors or skewedags with
large gemetric factor relatie errors, theforward modeling outine might give negative callated
apparent resistity valuesfor some dea points thahave a posive measured appamt resstivity. This
will cause the program to stop the insien if the logathm of the apparentesistivity isused. he
second seof options allows the programo automatically remee such datgoints fromthe inversion
process intkead of stopping. Athe end of the invasion, the user has a choice to savedh&& points into
a new file after trimning the arrayghat cave negativecalculated apparent values thgr the inversion.
Appendix H has aiscussionon a strategyo handle dta sets with potéially unstable arrag. The option
to automatically remove tha points with negéve calculated appant resistiviy values is automaically
disabled if the apparentesistivity (i.e. notits logarithm) o resigance is useds the datainversion
parametes. Thisallows for cases where negative apparent resistiwiiues are real, seAppendix C of
the rotes by Loke 2019) for situatiors where this might occur.
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9.49 Jacobian calculationoptions
The program uses the adjoinequation méhod (Farquharsonna Oldenburg 2004) tocalculate the
Jacobian matrix valuesdm the potentialstahe nodes of the rite-difference or finite-elementmesh.
The potential values amalculated and thertared in a dik file by the forward mdding routine. The
program namally loads all the ptentials into the computer memory iretdacobian matrixatculation
routine toreduce disk ecess ime if the RC has sufficient RAM. Howevert has been found thamn
some compters the pocess of loaithg a very arge file (more tha 64GB)into the compter memory can
cause the system to chaas it prevents ber programs from aessing the hardisk. This optionallows
the user not to load ¢hentire file into theeomputer merory at a sngle time buthe progranreads parts
of the file it needs in calglating the Jacobian values for each alagtoint. This will slower if a
conventimal harddisk is usedasthe bufer drive. However, if aSSD isused, the increase aomputer
time isprobally small.

Load all potentials values into RAM for Jacobian calculation

Load entire potentials files into memony.

The adjoint-equation method where the Jacobian is calculated using the potentials
atthe mesh nodes. When sufficient RAM is available all the required potentials are
|oaded into the computer memaory. This might caused problems on some systems
ifthe amount of memary required is very large (more than 64 GB). You can disable
this by making sure that the required potentials are only read from the buffer file
when they are required. This will be slower than loading all the potentials into
memaory but itwill greatly reduce the RAM required.

@ Tryto load all potentials into RAM " Read from disk file only when needed

[ OK I Cancel
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9.4.10 Time lapse inversiorsettings (RES3DINVx64 Professsional)
This option sets sevar inversion paramnters for the inversio of timelaps datafiles. On
sdecting this option, the folloimg dialog box is dispyed.

Set Time Lapse Parameters

Flease enterthe cross time model damping factor. Avalue of 0210 2.01is
normally used. If awalue of 0.0is used, the inversion of the differenttime
series data sets will be carried out independently. If awalue of 1.0 is used,
adjacent time models will be strangly constrained to minimize the difference in
the model resistivity values. The same weight will be given to minimizing the
difterence between the adjacenttime models as in minimizing the individual
model spatial roughess.

Temporal roughness fitterwalue @ (0,200

The damping factor for the spatial roughness filter is normally reduced after
each iteration. vou can choose to reduce the tempaoral roughness filter in the
in the same way. or maintain & constantwvalue (the initial value) for ewvery
iteration.

" Maintain constantwalue + Reduce after each teration

This refers to the type of constraint to be used in the time-lapse inversion.

“'ou can choose to hawve no constrains, where the inversions for the different
time data sets are carried out independently. This is probably not the best
chaoice since it is expected that the resistivity model for the later time data

set are closely related to the model for the preceding data set. You can
choose a constraint to ensure that the time changes are smooth or are blocky.

" MNo constraints " Smooth changes * Blocky changes
QK | Cancel

The snoothnes-constrainedeastsquars optimization is radified to the followng form for
time-lapse data.

[JTI+/ (F+aMTRM)] Dgk = J7gk - /(F + @a MTRM) g1

ThedTemporlroughness i | t er 6 s et srUtnlhe abdva eqpation that &ttptstd o
minimize temporakhanges inthe resistivity across thdifferent time models (Lokeet al. 2014). The
second option allows the use to use the sampdeal dampindactorfor each iteration, or to reduce it in
step with the spatial damping factes The third set of opti®iallows theuser to use the L2 (smdgtor
L1 (blodky) roughness constraint for the tiftagpse models (Loket al.2014).
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9.4.11 Calculate madel resolution
This option is enabled using thdlowing dialog box.

' '
Calculate model resclution?

For data sets with [2ss than 46000 model cells, you
can choose to calculate the model resolution atthe
end of an inversion. The model resolution values will
be sawved in the file containing the inversion results.
Calculate model resalution walues?

" Yes f+ Mo

0K | Cancel |

The modefesolution matrix is gignby
R=UJ"J+/F)1JJ

The model resoluton values of the model blocks are given by the diagonal elements of this
matrix. The model redution marix R may be viewed as a filter througbhich the inversion method
attemps to resolve the subsucresistivty (Day-Lewis et al. 2004) In the idealcase with perfect
resolution, the elements of the main diagoRg) ére 1 whie the offdiagonal dements are 0. In practice,
the model resoition values for most model blockse much less than 1.0hd@model reslution values
give an indcation of howwell resolved are the different model cells by the data.

The time taken to caltate the moderesolition matrix is proportional to the cube thie number
of model blocks. The psent maximum limit is adut 126000 nodel blocks (for a computevith at leas
128 GB RAM) for the model resolution calculation option.

User s wi tphr itsheebwibhidgetttectriievng dialog box.

Calculate model resolution?

For data sets with less than 150000 model cells, vou
can choose to calculate the model resolution at the
end of an inversion. The model resolution values will
be saved in the file containing the inversion results.
Calculate model resolution values?

* Yes " No
Calculate PSF and covanance matrix?

* Yes " Mo

OK | Cancel ‘

The pointspread function (Oldenborger and RoU2009) gives a measurélow widelythe information
from a regjion of the sbaurface is spread out to the surrounding model cells in the inverse model. The
covariance maix (Menke 1989) shows how data errors are mapipéd the model errors. It is givday
the following equatin.
[covm] =s¢>(JTI+/ F)?
Sdisthe data vadrce.
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9.5 Forward Modeling Settings
This set of routines cover several aspetthe finite-differenceand finiteelement routines used
to caktulate the apparent resistivity ah@. values. It has thHellowing list of suboptions.

,.ﬁ! RES3DINVx64 ver. 3.17.32 Enterprise - ID. No. : 922 - C:\Res3dinvx64\roots-edit.dat
File Change Settings Inversion Display Help Info

Inversion parameters

Model Grid Settings >

Damping and Filter Settings >

Inversion Settings >

Forward Modeling Settings > Set forward modeling options

IP Inversion Settings k - Peint electrode calculation settings

Splice large survey grids

951 Forward modeling routine settings
These are several settings shown in the following dibtux.

Forward modeling routine settings

SELECT TYPE OF FORWARD MODELING METHOD
The finite-element is always used for data sets with topography. If there is no topography, both
methods can be used. The finite-difference method is faster and requires less computer memary.
@ Finite-difference method " Finite-elerment method
SELECT HORIZONTAL MESH SIZE
You can select to use 2, 3 or 4 horizontal nodes in between adjacent electrodes in the finite-
difference or finite-elernent mesh. Using more nodes can increase the accuracy of the results but
the inversion will take longer to complete.
C 2nodes 3 nodes ® 4nodes
YERTICAL MESH SIZE
This option sets the vertical mesh size for surveys with surface electrodes. The default mesh is
satisfactory for most situations. Whers there are very large resistivity changes in the vertical
direction, a finer mesh can give mare accurate results. Use a finer mesh if there are subsurface
electrodes. Default=1 node. Finer=2 nodes. Finest=3 nodes. Ultra-fine=4 nodes.
® Default mesh " Finer mesh " Finest mesh " Ultra-fine mesh
BOREHOLE VERTICAL MESH SIZE
This option sets the number of nodes vertically between adjacent borehole electrodes.
® 2 nodes " 3 nodes " 4nodes
TYPE OF MESH BECUNDARY
This option sets the type of boundary mesh at the sides and bottomn of the mesh. The standard mesh
is usually sufficient. However, for surveys that use very long current-potential distances, such as
the offset pole-dipole or dipole-dipole arrays. it might be necessary to use the extended boundary
mesh to get sufficiently accurate potentials.
® Standard boundary  © Medium extended ¢ Highly extended

Cancsl

L

Type of forward modeling method - This program allowshe user to select the finidifference or
finite-element m#hod to calclate the apparent resigty values. e program will normally use the
finite-difference method, which is faster anehuires less @nputer memory, if the data set does not
contain bpography. If the data set contaiepography, the finitelement methd is used.

Horizontal mesh size - By ddault, the program uses a finitfference or finiteelement grid with 2
nodeg(in the x andy-directions) between adjacent electrodes. Tluom allows you to use 3 or 4 nagle
between adjacent eleaties for grater accuracy. Using moreodes will inagease the accuracy of the
forward modeling subroutine, but the computer time areanory requied will also increase. For data
sets with arbitrgr point electrodes (section 7.1.4),is recommended thatoy use the 4nodes option
unless the mdel grid spamg is much less than the spacing between adjacent electrodes.
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Vertical mesh siz - This optio setsthe number of mesh lines in thedirection The default setting is to
use aiher mesh for the near gace layersand a coarser mesh firetdeeper layes. However, the user
can select a finer mesh for the deeper layers for casas thiare is &arge darge in the resistivity in the
vertical drection. If the data set has subfae electrodes, the finenesh (with2 nodes between vertical
mesh lines) isautomatically set if the default mesh (with 1 node between vertical meshiinesyd.
Borehole veti cal mesh sizei For data sets with borele electrodes, this option setsthumber of
nodes betweeadjacent edctrodes in the borehole.
Type of mesh loundary - The last option is to select the mesh used to model the boundatiessates
andbottom of the finitedifference or finiteelementmesh. By default, a standard boungas used that
has fewemesh lineso model the boundarieshiE reduces thcomputer memory and calculation time
required. For some arrays that have res@ectrodeslpced aalong distance from the other electrodes
in the arrays used (such as thadjent array), it might énecessaryto use a more highly extded
boundary ¢ obtain sufficient accuracy. This increases the total number of nodes usetuanthe
compuertimeand memory requir ed.oofitnean berusatl if there isukfitiemtn d e d
memory.

9.52 Point eledrode calculation settings

This optionis used for data using the arbitrary point electrodes forifta. program has tov
options to elculate the potentials at the electrode if it cdamot fall on a node in the finitdifference or
finite-elemert mesh. Tl dialog box below will behown when tis option is selected.

() Interpolation Method (b) Distorted Grid Method

Point electrode calculation settings

This option is for point electrodes located at arbitrary
positions. You can choose 1o use a single shifted node in
a distorted finite-elernent grid. or use interpolation with
the four nearest nodes using the finite-difference method

® Use nearest nodes " Use distorted grid

Cancel 3

® Electrode I:I Model Cell m Mesh lines - Interpolation Node

Figure 16. Methods for arbitary electrodes

InthedJse near est Figued®, $hé pragmarh calwales the pantial at the electrode by
interpolatingthe potentials at the four nearest nodes in the mesh (and similarly repiagéeasrrent
source noce by four equivalent current sources)né®advantage of this option for daisets without
topography(with a re¢angular model grid, i.enot with the tapezoidal grid arrangement) is that the
finite-difference method that requirksss computememoryandtime than the finiteelement method can
be used. T he 6 omian mdvessthe agaresedd to theocatiah of the electrodesng a
distotted finite-element mesh. The advantage of this option is that it gives moreascaeasults dr
arrays such as the dipoldipole that measuresmall potential differences betweariectrodes that are
close togetherlt requires the use of tHaite-elemei method that requires more computer memory and
longer calculation times compakéo the finie-difference method.

9.5.3 Splice large survey g ds (Enterprise)

This option isintended for very large swey grids wih hundreds of thousand$ electrodes
postions. It subdivides the finitelement mesh into smaller saieshes in theofrward modelig
calcdation which can greatly reduce the computee required to invert a veryrige data set. lonly
avdlableforus er s wi t h tliteese. @l&erdfee to Asppendixd for more details.
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9.6 I.P. inversion settings
This cvers a numbeof setings for the inversion of |.P. dats shavn below in the following
menu list

g RES3DINVx64 ver. 3.17.32 Professional - ID. No. : 890 - D:\Res3dinvxe4\BLOCK_41x20-IP.dat
File | Change Settings Inversion Display Help Info

Inversion parameters

Model Grid Settings >
Damping and Filter Settings >
Inversion Settings >
Forward Modeling Settings >
IP Inversion Settings > Type of |.P. calculation method

L.P. damping factor

Apparent |.P, cut-off value

Change Range of Model I.P. values
Select type of |.P. model transformation

Type of |.P. smoothness constraint

Settings for |.P. linear perturbation method . > Settings for |.P. perturbation inversion method

Use approximate |.P, inversion

9.6.1 Type of I.P.cdculation method
Selecting this opon will display the following dialog box. The first option is to select the type of
method tocalculate thepparet I.P. values.

Type of I.P. calculation method

“You can choose for the apparent IP calculation a linear perturbation method or a non-linear
method using a complex resistivity formulation. The non-linear method is more accurate,
particularky for high IP values but requires about twice the computer memory and time.
Selecttype of IP calculation method below.

" Linear perturbation method & Naon-Linear complex method
If vou select the non-linear method, yvou can choose to let the model resistivity inversion
to use the apparent IP values as well. This might improve the IP model but requires more
computer memory for very large data sets. ltis recommended that you use the apparent 4
|.P. data in the resistivity model inversion, unless itis a very large data setwith more
than 50,000 data points or the computer does not have sufficient FAM.

Selectuse of IP data for resistivity inversion below.

" Use IP data in resistivity inversion. & Do notuse IP data in resistivity inversion.
Forthe complex resistivity method, normally the real potential is used to calculate the
apparent resistivity, and the apparent IP is calculated from the ratio of the imaginany
and real potentials. In some arrays where the electrodes lie on an almost equipotential
line, this can lead to extreme values in the apapmet IP values. In such cases, you can try
using the amplitude of the potential instead of the real potentials for the calculations.

& Use real potentials. " Use amplitude of potentials.

QK I Cancel |

There are generally twapproaches to calculate I.P. effecthe linear perturbatio method andhe
complex resistivity rathod. The fist approach considers the I.P. model as a small perturbation of the
base resistity model (Otlenburgarnd Li 1994). The effect of the chargehty mis to decrease the
effectiveconductivity tos,, = (1- m) spc. The apparent IP is calcuéatby two forward models using the
original (Spc) and perturbeds,) conductivities, and thapparent chaegbility is calculated using the
following equatio.

m,=[7(sp)-7(Soc) 1/ (Spc)
The apparenthargeabiliy is calculated from theifderence ofwo DC potentials. This tends to magnify
numerical errors in the finitdifferene or finiteelement nethods used to calculate the DC potentials.
While this is not a serious proltefor most traditional aays, the itreasing popularity of theffset
pole-dipole and dipoldipole arrays (Whiteet al 2001) can produce array configuoats with extrene
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geonetiical factors and consequently very lowtgntials. Errors in the calculatexpparent I.P. values
will consequeity affect the I.P. inversin model obtaned.

The second approach for I.P. model calculation is to treat the conduasva complexjuantty
with real and imaginary components (Kemet al.2000). The complex condunity is given by

5=5Spc T i MSpe
The DC conductivitys, forms realpart, whilems, forms the imaginary part. A complex potential is
then calculatd for this canplex nodd.

f=Ff+if
The complex partial has two componentg, and7;. The real (resistivitypnd complex(l.P.) potentials
are catulated simulareously. This resolves the roundoff problem in the perturbation method. The mai
disadvantagef the complex resistivity method is that it remas twice as much computer memairyd
time as the perturban method.

If the complex resistivit option is sécted, a twestep inversion process is used for each
iteration. In the first €p, the resistity modd is first calculated. The second optiomthe dialog box
allows the useto select whether the I.Bata is ued in creating the resisity model. Tlis ensures that
the resistivity model is also optimal for the I.P. data. Howeter computememoryrequired is larger.

If there is insuffici@t memory, the option not to useeth.P. data in the resigity inverson step can be
selectedha reduces thcomputer memory required.

9.6.2 |.P. damping factor

The damping factor used the I.P. nversia is usually smaller than that used in ihgersion of
the corresponding redivity data set. If a \ae of 1.0 § used, then the same danypfactors wil be used
for both the resistivity and I.P. inversion routines. Normally a kemalue of &out 010to 0.25 is used.
Alternatively, you carthoose the option to let the prograutomatically calculatine dampindactor.

Damping factor for LP. inversion

The damping factor used in the inversion of |.P. is usually
smaller than that used in the inversion of the corresponding
resistivity data set. If a value of 1.0 is used, then the same
damping factors will be used for both the resistvity and |LP.
inversion routines. Normally a smaller value of about 0.05 to
0.25 is used. Alternatively, you can choose the option to let
the program automatically calculate the damping factor.

Enter IP damping factor - | 0250

[~ Use automatic damping factor

Cancel

9.6.3 Apparent |.P. cutoff value

Many modern resistivity meter systems used in engineering and envirahsweneys novhave
I.P. measurement capability as well. Howevdre I.P. data from most mukilectrode systems is
probaby of limited use for electrode spacisgf more tharafew meters. Most systems that use a battery
power source that cannot delivamough currenfusualy less than 1 ampere) for reliable |.Ryrsils, so
the I.P. data is often gemely noisy. Althoughni theory themagnitude of measured agpnt I.P. valies
can range up to 1000 mV/V, in practice natural |.P. effects produce mudbrsvatues ofusualy less
than 100 mV/V. This option sets ampper limit on acceptable apparenPl values above which eh
values arenot used by the prograra talculate tk I.P. inversion model.

Cut-off value for valid LP. data points X

“rou can selectthe cutoff value for apparent | P. measurements. Values greater than
this cut-off limit will be treated as invalid LP. data points and will not be used in the

inversion. The value given below is the equivalent mViy value.

Enter | P. cut-off value (200 to 800) - lgo0.0

‘ OK | Cﬁnce\‘
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9.6.4 Change range of model I.P. values

This sets th limits of the modell.P. values that the inversion routine asm®. This can be used to
limit the highest |.P. value in #anversionmodel, particularly if thé.P. data isasy.

Change range of model LP. values [ﬁj

In theary, the intrinsic chargeakility of minerals is confined to between 0to
1000 m. In practice, the maximum practical changeability is much lower. |t
usually does not exceed a few hundred m*%. This option allows you to vary
the lower and upper limits of the allowed chargeahility. In some types of clays
the intrinsic changeability can hawve a small negative wvalue.

Enter the lower and upper limits of the allowed model chargeability below.

Chargeability lower limit: 0.0 Chargeability upper limit: [300.0

Use modified IP range? This will use the range bound IFP model transformation

method for the P inwversion. " MNo & Yes

Cancel

9.6.5 Select type of I.P. model transformation

This option will brirg up the follaving dialog b o x .

normally used to ensure the de |.P. values producebly the invesion program do not excedhle

allowed Imi t s. T hreo o6tsdq unaerteh o d

ensur es

t hat Obuhdoesmat n i

directy limit the maximum I|.P. value (which ikdory cannot exceed 1000 mV/V but practice is much
smalkr, usually e ss t han 1 0 CargabVo/ uvh) dthind Ghieeetly licnits the lower and upper

range of the model I.P. values.

B ' Select type of LP. model transformation [iE-J

ensures the intrinsic IP values are always positive, but does not explicithy
constrain the upper value be less than 1000 mY. The range bound method
will explicithy enforce the upper and lower bounds. This method also allows
the intrinsic IP walue to be slightly negative (which occurs for some types of
clay minerals). Selecttype of IP model transformation method below.

" None (* Square-root " Range bound
Use the 'Change Range of Model |LF. walues' option to setthe range of

allowed model IP wvalues.

Some type of transformation of the model IF is usually used within the inversion
method in order to stablize the model P, values produced. Different methods
will influence the final model obtained to some extent. The square-root method

9.66 Type of I.P.smoothhess constraint

Normally the program usdbe same smoothness constrainttfar |.P. inversion as thased for
the resistivity inversionThis option alows you to use a different smoothness constraint for the I.P.
inversion. If thed R o b u snbrit) méthodlis used for the resistivity inversiahis option allows you to
use thed S mo o t-modm) rhethd for the IP. inversion. Selecting ¢1.2-norm congraint for the I.P.
model might be useful for some cases as it has a much sraalfge compad to heresistivity values.

-

Type of LP. smocthness constraint

Y'ou can choose to use different data and madel constraints for the
resistivity and P, inversion. In this case, wou can use the robust
constraint for the resistivity inversion but use the normal srooth
constraint for the | P, inversion which has a smaller dynamic range.
Use same constraints for LP. inversion?

" Mo, use different & Yes use same
Ifyou had selected the option to use the 'Robust' or L1-norm
constraint, this option allows you to use the L1-norm constraint for
the resistivity inversion but use the 'Srmooth' or L2-norm method
forthe LP. inversion.

Cancel

-
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9.6.7 Settingsfor I.P. linear perturbation method
This covers two variatits of the 'gerturbation method'.
Type of I.P. inversion method: Selecting this menu option will display the following dialog box.

Inversion settings for IP linear-perturbation method

When the resistivity inversion is completed, you can choose to let
the program proceed automatically ta the IP inversion without
walting for a user response to add mare iterations.

" Do not proceed autamatically & Proceed automatically
“'ou can choose to use different data and model constraints for the
resistivity and IF inversian. In this case, you can use the robust
constraint for the resistivity inversion but use the normal smoath
constraint forthe IR inversion which has a smaller dynamic range.
Use same constraints for IP inversion?

" Mo, use different * “Yes Use same

(0] ‘ Cancel|

In the appoach byOldenburg and Li (1994)the resistivity mdel obtained at the last iteratiaf the
inversion of theesistivity data set is used as thesbaesistivity model in the inversion of the |.P. data
set. At the end of the resistivity imaon, the prgram wil stop and show a dialog box to allow thser

to add more iterations. You raavoid this by selectinghe optionfor the program to proceed
automatically This is useful for the inversion of a large data set that might take seweral fhe abay
dialog box also allows the user the use differeonstraints (L1 or L2 norm) fohe resistivity and I.P.
models).

Useapproximate I.P. inversion: This optionis only relevant if the 'perturbation method' is used for the
I.P. model calcwtions. In sora cases particularly when negative apparent resiies are encountered,
the I.P.inversion routine in th@erturbationmethod might not convergaroperly. Ths option is used to
overcome such problems by using the Jacobian matrix fomadenous rediwity modd, instead of the
model obtained fromheresistivity inversion phase.
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10 Inversion menu options
The list ofoptions under the 'Invemi menu is sbwn below.

g RES3DINV%E4 ver. 3.17.33 Professional - ID. No. : 890 - DARes3dinvx&4\Burra_1966_res.dat
File Change Settings Inversion Display Help Info

Carry out inversion k

Display models with 3DViewer during inversion
Batch mode inversion
Save XYZ files in batch mode inversion

Calculate volume of investigation (VOI) index

Save inversion parameters

Read inversion parameters

10.1  Carry out inversion
Select this option after you have readthe data fié and ®lected the proper inversion settings.
Theprogram will carry out the inversioof the data set on seting this @tion.

10.2 Display modds with 3DViewer during inversion

The inverse model obtained after each iteraisonormallydisplayed as -D deph layers This
option enables the use oktAGS 3DViewer program to displapé¢ models in @ during teinversion
The program will automatally start he 3-D viewer after the first inverse model is obtained. If the time
taken in eah iteration $ lessthan 3 £conds, the 3DViewer will not be e as the model will be
displayed a 2D slices. This optioms only avdable with the Aarhus Gesaftware digial license system,
as well as the -B Basig Professionalbr Enterprisesoftwarelicense. If yu arestil using the USB
dongle, you will needatchange to the digital license sgmn.

10.3 Batch mode hversion

This option is intended forsars to automtcally invert a large number of data sets at one time.
In the batch mode optigm script fie (suchasRESIS3D.BTH) isused to inform the pragm of the data
files which need tde processed and the iars inversbn options used. On selew the batchmode
inversion option, you will be prompted for the batch mode script file.bEteh mode sopt file makes
use of thenversion parameters & (IVP) that are created by the BBDINV program itself. Téfile
RESISBD.BTH is an example, witthe followingformat.

Table27. Example batch file format.

RESIS3D.BH file Commets
2 Numler of files to iwvert
INVERSION PARAMETERS FILES USED | Header to indicate &tch mode
DATAFILE 1 Header for first file
C:\Res3din\BLK10PDP.DAT Data file to invert
C:\Res3dinVBLK10PDP.INV Output file with inversion results
C:\Res3dinW\RES3DNV_L1.IVP File containing he inversion settings
DATAFILE 2 Header for second file
C:\Res3dinWroots7.DAT Data file toinvert
C:\Res3dinwroots7ZINV Output fle with inversion results
C:\Res3dinYRES3DINV _L2.IVP File with different invesion settings
End file Indicates end dbatch file

Sincethe IVP files are created by th€&eR3DINV program, it is noonecessaryor the user to deal with
the details abut the file format. The creation of the IVP files is described in a followaudien.
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104 SaveXYZ files in batch mode inversion
When thisoption is enabled, the program antatically creates an XYZile that ontains the
resistivity am location ofthe model blocks after the inversion of each data file.

10.5 Calculate volumeof investigation (VOI) index (Enterprise)
This optionisonly aail abl e f or wusersedit hc ¢ iroeppdEktNe a p e
for more details.

10.6  Save inverson parameters
This option will save the current inversion settings used bytbgram into &ext file with an
IVP extension.

107 Read invasion parameters
Using this optionthe user can read an IMiPe contaning the inversion paranmess which will
then become the inversion settings the program uses for inverting a data file.
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11 Displaying and exporting inversion model results

Selectingthe 'Display’ menu option will cede a new window with aumber of opions to read
the INV files produced fromthe inversion of the data sets, and to display and export the information to
other programs.

11.1  Display - File menu gtions
The list of opeations available is shown below.

B | RES3DINVx64 ver. 3.17.33 Professional - ID. No.: 890 - Display Window
File Display Change display settings Edit data Print Help Exit
Read file with inversion results *

Model Export >
Trace program execution

Exit from this option

11.1.1 Read file with inversion resuts
You can read in theutput data fie produced by the inversion subroutine with an INV extension. This is
normally he first opertion tobeconducted.

11.12 Model Export
Thisis a list of suboptions where thenodel values stored in¢dNV file can be exported to a varyedf
3-D disply and contouring software.

(B! RES3DINVx64 ver, 3.19.2 Enterprise - ID. Mo, : 2075 - Display Window
File Display Change display settings Edit data Print  Help Exit

Read file with inversion results

Madel Export * Export model to Geosoft GDE format

T - Export model to XYZ format
race program execution

Export model to XYZ format (without topography)

ST A T Export model to CTech C5V format

Export model to Slicer/Dicer format

Export model to Slicer/Dicer format with topography
Export model to Paraview VTK ASCIH format

Export model to Voxler XYZC format

Export data to Voxler XYZC format

Save model with global coordinates

Geosoft GDB is binar§jormat which can be used for e.g. Oas®ntaj. XYZ is a generic ASCII teix
format used by the @soft Inc. safivare.Voxler is a 3D conburing program (AppengiE) by Golden
Software which is snilar to the Surfer progm by the sane company that is widely usddr 2-D
displays. VTK is a format that can read by the fre@ §raphics display prografaraview (Appedix D)
widely used in acanic circlesand goverment agewmies.Paraview (Appendix Puses the coordinates
of the hexahedl blocks that make up the maldso itshows the model outline more accurately. Voxler
(Appendk E) uses a rectangulgrid systemso it will extrapolate theorners of the grid ithe model
axis is not in the NorttSouth or EasWest diredbn.

Export model to Geosoft GDB format:

This option allows the user to export model results to a GBX2 Hae fle. The output contains a fixed
number of channeld.¢. &column$) with fixed namesChanrels named %,y1,z1,x2,\2,z2¢ ,x8,y8,28
provide corner coordinates of each model blockhannes sens and sens_vol providaw block
sensitivitesand sensitivies normalized by voluméseesection11.2.6) Channelgesq reso_v, reso_vr,
reso_iand reso_N provide resolution values foreachblock if resolution calculations were enabled
(secton 9.4.11) The abovementionedesolution channels refer to (in thensaorder as in thabove)
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total resolution, resdution per unit volume, resolutigmolume raio, total resolution index and
resolution/volume index (see section 18)2ChannelsresOand i@ refer toblock resistivity andi.p.
values. Ifthe model contammultiple timesteps additional channés named e.g. resl, res2 wik
created
Save malel with global coordinates (Model Expot) : This option is only relevant for inversion models
for data with arbitrary pint electrode wherethe model grid wasotatedto reduce therid size (section
9.2). The true glbal coordinates are alsaved in sah file. On selecting this option, thelfowing dialog
box is shown.

Save model values in global coordinates

Forinversion models where the global coordinates was given, you can
save the model values with the true global coordinates in the Voxler
file format.

Save model values in global coordinates in Voxler format?

" No, save in local coords. * Yes, save in global coords.

oK | Cancel|

Sel ecting 0Y evnil éavettte modhvialges withtte itiue global coordinate if the Voxler
XYZC output option are selected. For outpmodel output in the XYZormat, thecoordimates of the
model values in th&rue coordinates are automatically saved in the same filethEovTK format, he
program wil autonatically save the nael valies with the coalinates of the model blocks in tigéobal
coordinates in agoarate fie if theinput file has the global codrdhtes.

11.2 Display - Display menu options
This is a set obptions relateda the displayf modds as sections on ¢hscrea.

B | RES3DINVx64 ver. 3.17.33 Professional - ID. No. : 890 - Display Window : D:\Res3dinvx64\3d_mixed_arrays.inv
File Display Change display settings Editdata Print Help Exit

Display inversion model

Display model with topography k

Display model with 3DViewer

Display apparent resistivity or IP

Display measured and calculated apparent resistivity

Display resistivity or IP

Display trapezoidal grid

Display model sensitivity values

Display data sensitivity values

Display model resolution

Display depth slice

Save depth slice

Display model change

Select type of model change to display

Read second VOI inversion file

Display volume of investigation

11.2.1 Display inversion model
Select this ption to plot the modelYou can plotthe moetl in the form of horizontal overtical slices
through the earth.

11.2.2 Display model withtopography

If the data file catains topographical informtion, this option will display the model in the form of
vertical slices with theopography.
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Thiswill use the AGS 3DViewer program to display the model. Tlelehvalues will irst be savedo a
VTK file which is therread ly the 3DViewer pogram. This option is only availébwith the the D
Basic Professioal or Enterprise software license. A daled description of the use of the 3DViewer

display option igjiven in AppendiX.

11.2.4 Display apparent resistivity or IP

This option allavs you to display the apparent retiity (or I.P.) pseudastions formeasurerants made
in the % or y-directions. The pseudosections can only be displayed if the surveycavaducted using
conventionahrraysud as the polgole, dipde-dipole, Wenneor WennetSchlumberger. For othelata

set s, u sMedeltERpet-ExXpértidd tea

to

Vo x| er saXthedata poimts tma Vokler t o

input data file, and then ustxler to displaythe data poits as &8-D scatter plot (ApendixD.2).

11.2.5 Display resistivity or IP

This allows the user to choose teen displajng theresistivity or I.P. model.

11.26 Display model sensitivity values

The INV file containing he inversion modehlso containg lising of the integratd sendivity value

whichis defined by
1 m
S ==Y/
=il

s is the integated sensitivity valueof the jth model cel for a data set witlm data ponts, andJ; is the

Jacobian matrix value for thth data pait associated witthe jth modelcell. Since the size of #tanmodel

blocks at theides and bottom are larger thanghan the interior, theessitivity values fo these edge
blocks can be muclarger unless the option to reduce the effect of the sid&kblvas selected éstion

9.2). The RES®INVx64 program alsccalcuktes the sensitity per unit volume valu&§ wherethe

integrated sensitity value §) is divided by the volume of the modelock (V).

Sj= S.Val V,

Vm is the volume of the smallestook. This removeshe effect ofthe malel block size. Thesensitvity

value is acrude measure of the informationntent for a model blocksat does no take nto account
redundancy in the da A better measure of the information content is the mastadlution value (bke
2018). Theollowing dialog box is sbwn when this option iselected.

Select type of sensitivity information to display

You can display the total sensitivity value for

wvolume of the blocks.

* Total sensitivity value
" Sensitivity per unitvolume

a normalized value with a fixed range of
between 0.0 and 1.0.

' Use actual sensitivity values
" Use normalized values

oK | Cancel |

amodel block orthe sensitivity divided by the

‘You can display sensitivity values directly, or

The sensitivity valas depend on many fact@sch as therraysused and restivity of the modé values.
The second set of options normalize the sensitixatyes so that thyehave a fixedangeof between 0.0

and 10.

11.2.7 Display data sensitivity values

The previousoption uses the sensitiyivalues itegratedover the model block. This ot basically
uses the point sensitivity values for a homogesealf space. Thaser has anpbion to calculate the
sendivity values at depsdifferent from that used in thewversion model. The diadbox for ths optin

is shown below.
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Data sensitivity values

This option allows you to calculate the sensitivity values for your
data set (for a homogenous half-space) and display them.

For the sensitivity values, do you want to use same depths as the
inversion model or at selected depths with a constant spacing?

* Use model depths " Use constant spacing

For depths with constant spacing, enter the initial depth, the depth
spacing and number of depths to calculate.

Initial depth - |50,000 Depth spacing |50,UOU

Number of depths levels : | 13

Do you want to save the sensitivity values to an output XYZ file?
& No, do not save " Yes, save the sensitivities
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11.2.8 Display model resolution
If the option to calculate the modedsolution values as selected lbere the inversion of a dat set
(section 9.4), taresolution values will be saved the inversion file. Tld option diglays tle saved
model resolution valuem the form of model sections. You can either display the inoeolution
values, or the moderesolution normalized byhe volme of the modeblock.

P B
Select type of model resolution information to display

“'ou can display the total resolution value for
a model block, or the resolution divided by
the wvolume of the blocks.

& Total resolution value

" Resolution per unit volume
" Resolutionfsalume ratio
" Total resalution index

" Resolutiontsaolume index

Ik | Cancel |

The resolution matrixsi calculated using the edion

R=Q"J+/F)1J1J
R is the resolution mitrix, / is the damping factor arfé contains the roughnesdtér matrix termsJ is
the Jacbian (®nstivity) matrix. The moel resolution otput r(i) (resolution value oith model block) is
taken fran the diagoal values R(i,i) of the resolution matxiR. The sensitivity value depends on the size
of the model cks, so in turn tis affects thaesoldion values. Otherhings keing equal, a nabd block
with a larger volume wilhave a larger resolutioralue by vitue ofits size. The thicknesses of timedel
layers increase with depth, and the blocks at the saté=nd laterallyto the edges fothe finite-
element/finitedifference mesh. Thushe blocks at the sides have a imlgrger volume than neigporing
blocks in the interior of the model. To reae variations in the resolution values due to the size of the
blocks, first thevolume v(i) of each kock is calculated.The nomalized resolutn values,rq(i), is
calculated usig the following equatian

ra(i) = r(i). Vimin/ V(i)
Note the minimum blockalumeViin is used in the equation, so for blocks with the llatsize located
in the topmoslayerthe value ofry(i) shouldbe the same agi). The O6Resol ubgtiamn/ vol u
displays the valugcalculatedusing hefollowing equation.

re(i) = rn(i) - Fmax / n_max
I'maxiS the maximum value afi), while rn_maxis the maximum value ofr.(i). Sorme authors recomme
using a value of 0.8 (i.e. 5%) as the cutoff value fadge whether a region &aignificart resoldion.
Using a value of 0.05 aké cutoff point for the model resolution values might be aabjt as it does no
take into acount hemodel discretizabn usel. If a finer mald discretization (with more modeklls) is
used, we wouldxpect on he avergethe model resolution for a itet the same location will be reduced
since the cell size ismaller. Theoretially the sunof the elements in a columof the model resolutia
matrix is equals to 1.0. The aage value of the arrayestents in tle columnwould then be equals to
1.0/m wherem is the number of model cells. A more useful measurjedge whether a odel cell is
resolvedis the ratio the déresdution value (ie. the diagonal element of the régstion matrix) to this
awrage valueThe tadb Toesol uti on ui odéxol ame OResxd val ues
respective resotion values dividd by this aveage vale.lIt is basically

rri(i)= ra(i).m
A valueof 10 to 20 for the resolution ired is probably a reasonalzutoff vdue.

11.2.9 Display depth slice

This displays the model resistivity (and I.P. if present) for actedl depth. If thre is no topgraphyi,it is
basically thesame a that for one bthe model layers. If there is tography, this displays ¢hmodel
values at aconstant depth that might cutrtugh several model layers. The model values can also be
savednto a XYZ text fle.
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11.2.10Display model change

This optionis only used ithe file with the inversion resusltcontains timdapse dai. The usercan selet

the change in resistivity ha@een a later time series model and the first time series meaiiey the
following dialog box.

-

Display model change time-lapse options @

Time model to display : Mumber of time senes iz 3

|

|teration number ta display : k asimum iteration no. 4

|

Mumber of zections to display : 2to 7

T

Dizplay Type
% Harizontal Sections

" “ertical Sections
(o ¥7dice Y2 slice

] | Cancel

11.2.11 Select type ofmodel change to disply
This option selects the formulssed to calculate the mentage chage in the model resistivity between
two time series models. Normally the change in the logarithmsdehresistivity $ used. Howevethe

use can select theelative change (the @mge in the resistivity divided bthe resistivity of the fist time
sefes mod§.

-

Type of resistivity change calculation

Twpe oftime-lapse change to display for resistivity model. Select the
logarithmic change if there is a large wariation in the resistivity values
The relative change can be used if the changes are small (less than
B02a).

" Relative resistivity change &+ Logarithmic resistivity change

(8]:8 | Cancel

11.2.13VOIl display options

This option is only avaidlieehse.leagefdr to Appddie N forEmore e r pr i ¢
details.
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113 Display - Change diplay settings
This is a group of dpns to modify the settgs for themodel sices as displayed by the previou

options.

B | RES3DINVx64 ver. 3.17.33 Professional - ID. No.: 890 - Display Window : D:\Res3dinvx64\Ekeboda.inv
File Display

Change display settings Editdata Print Help Exit

Reverse colour scheme

Customise colour scheme

Read customised colour scheme
Colour/Black-White display

Use Voxler Rainbow colour scheme

Fade out model sections with low resolution

Vertical display scaling factor

Type of pole-dipole display

Flip horizontal slice display

Display horizontal sections with global coordinates

Display electrodes positions for trapezoidal grid data format
Type of model display

Change model display settings

Choose font

Save contour values

11.3.1 Reverse colour scheme
Normally the progam uses a colowcheme wherelbe isuseal for the low reistivity and red for th high
resistivity values. This ofan allows the user to verse the ctour sckeme so that blue is used for the

high resistivity values and red for the low resistivity value

11.3.2 Customise colour sckeme

This enables the uséo chamge the colourssgd for the sections.

11.3.3 Readcustomised colour scheme
You can chage thecdour scheme to a set of custisad colours that was earlier saved in a disk file. In
some caes when runnindis program irthe bakground, the colouschemanight change tohe palette
used by the foregroungrogram. You can use thbption to restorethe colour scheme used by this

program.

11.3.4 Colour/Black-White display
By default, the psgram will displaythe pseudos¢ions and model sections igolour. This option dbws

you to display the sections black and white (a grascale) wherdifferent shades of gray ranging from
pure white to pure black are used.

Colour or Grey scale display

The present choice is - Sections are drawn in Colour

“'ou can choose to draw the sections in calar orin grey scale.
Selectyour choice -

t+ Color scale

™ Grey scale " Extended Colors

Cancel

The
Codlor s

0
0

1135 UseVoxler Rainbow colour scheme
This changes the colours used in the model display to the echsead in the Voerr Rainbow caur

scheme
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11.36 Fade ait modd sections withlow resolution

This option is onlyused if the model resdion valueswere catulated in the inversion of theéaa set.

The following dialog box is shown when this optisrselected.

Fade out low resolution model sections

This option allows wou to fade out sections of the model that has
low resolution values. Itis only used when displaying the model as
blocks. Do you want to use fade out display?

" No * Yes
You can setthe limit for the model resolution index value where
the fade out saturates.

Fade outlimit: 1100
’TI Cancel ‘

Theresolution vlue usdis t he Ouliont adex é lP2Be ct i on

11.3.7 Vertical display scaling factor

This option allows youto spedy the ratio of the vertical st to the horizontal scale, i.e. the vertical
exaggeration fetor, in the dism@y. Convenienvaluesto use are 2.0, 1.&nd 10.

11.3.8 Type of pole-dipole display

This optionis only relevant for p@dipole daha sets \th

measur ement srdowi & rhd

firever sipofe arppysl(see Appendix A). Hereuwyoan choose to siblay the appant residivity

values mesured vith the arrayith e A f or war d o

11.3.9 Flip hori zontal slice display

oratomir ever seo

conf i

This option allows the user tocate the minimum (x,y) location at the bottteft or topleft corner of

thedisplay for malel plated as horizontalliges.

11.3.10 Display horizontal sections with global cordinates

This option isonly relevant for inversion models for data withl@trary point electrodes where the model
grid was rotated toeduce the grid sez (section 9.2 On ®lecting this option the bllowing dialogbox

will be shown.

P
Display horizontal sections in global coordinates

run at an ancgle with respect ta the Narth-South or EastWest directions.
Ta reduce the model grid size required, the data set coordinates were
rearientated so that the grid is aligned along the direction of the survey
lines. Display sections in global coordinates?

" Mo, display inlocal coords. * “Yes, display in global coords.

QK | Cancel|

Forinversion models where the global coordinates was given, you can
display the harizontal model sections in the true arientation. This is anly
used for data sets with arbitrary point electrodes where the survey lines

Normally the horizontal model sectionwill be displayed ing the local coordinateg-igure 17a). If
0 Y e s gelecieds the sdons will be shown with the true globalcoordirates Figure 17b). In this
examplethe modelrid isinclined about 10 degrees frotmetEastWest direction.

11.3.11 Display electrodes positiondor data with trap ezoidal grid format
This option is onlyrelevart for data setaisng the trapezoidal grid data foat. It allows the usermot
display tke positons of the electrodes and the debgrid lines on top of the topmost model layer when

the modeis displayed aforizontal setons.
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Burra 1966 survey
(a)

Y Layer 1, Depth: 0.00-21.6 m. Y Layer 2, Depth: 21.6-455m. Y Layer 3, Depth: 45.5-71.7 m.
o | '
750 1

550

9504

750

350

- -
150 580 | @50 | 1350 150 550 950 1350 150 550 950 1350

(b)
¥ Layer 1, Deplth: 0.00-21.6 m. ¥ Layer 2, Deplh: 21.6-45.5 m. ¥'Layer 3, Deplh: 45.5-71.7 m.
101950+ e P 101950+ Lay v 101950 Lay »

101663 .

101375
101088+ ‘

* 100800

101663 101663

101375 101375

101088

101088

-

-

100800 * 100800

48600 49075 49550 50025 50500 48600 49075 49550 50025 50500 48600 49075 49550 50025 50500
I EE N O N T O O . [ ) [ O S .
125 222 395 703 125 222 305 703

Resislivily in Ohm.m
X Unit Electrode Spacing 50.0m. ¥ Unit Electrode Spacing 50.0m.  Iteration & - RMS Ermor 11.7%

Figure 17. Example of horizontal model sectiondsglayed using (a) locatoordinates,and (b)true
global coordinates.

11.312 Change model display settings
This is used to set the nin@r of sections dplayed acrosthe sceen in a horizontatow, & well as to
adjud the scale used. On selectingstbption, the followinglialog box vill be shown.

Change display settings

This option allows you to change the number of pixels per unit electrodes spacing
in the x-direction for the model display.

Type in the value you wanttouse = [1500
YY'ou can select the number of sections to display in each row. You can selecta
value between 1 and 6. If yvou change this value, the program will recalculate the
number of pixels per unit electrode spacing value.

Number of sections perrow - |4

You can display the model section using the contoured farm, ar as rectangular
blocks that make up the actual model. Select type of model display below.

* Ag g contoured section. " Showthe model blocks.

In the standard contoured display, the middle of the model block is used as the
plotting point. You can extend the model sections to the edges of the model grid.

@+ |se standard section. " se extended section.

0K | Cancel

The top option adjusthe scale used in plotting the seciam the screen.

The cond option setithe number ofectiors dsplayed along edn row. The number alleved is between
1 and6.

The hird option selects the typd model dispayedascontoured sections @smodelblocks If there are
a large number of model cells, drawingcastoured secti@ican be slow.

When themodel is shwn in contoued form, the ceter of the model cells as usedthe plotting points.
Thisgives a slght gapatt he t op of t bex tmorddedd sSldcet i6dusd f i
the contouredection.
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11.3.13 Choose font

This gption allows the usdgo change the font wdin displaying the model sectionsing the dialog box
shown below.

Type of font

You can choose one of the fonts listed below that will be used to
display the text in the model sections. Please click your choice -

&« Default Arial font " Courier New
" Times New Roman " System font

Choose Normal or Bold characters:-
" MNarmal font  Bold font
Choose Font Size:-

" Small & Normal " Large

oK I Cancel

11.3.15Save contour values
This saveshe contour values used in the most recent display of thelrsedtions into &xt file.
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11.4  Display - Edit data menu
This option has a fewnethods to remove very noisy dataints. The following lisof optionsis
avalable under this menu item.

B | RES3DINVx64 ver. 3.17.33 Professional - ID. No.: 890 - Display Window : D\Res3dinvx641966_res_data_all_final_clip_unknown_pts_trim4.inv
File Display Change display settings Editdata Print Help Exit

Apparent resistivity statistics

RMS error statistics k

Large 3D surveys can involve many thousands of data pointhelmbst general se, the arrayor a

particular measuremercan le orientated irany direction. This make manual &dg of the data set very

difficult. Toobtana good i nver sadond artoad egd qi nthse nfius t be remo
One possil@ way of removing h e A b adhtsfroth she data sesiby sétistical techrques. In the

program, two methods@used.

11.4.1 Apparent resistivity statistics

This suboption just disfays the distribution of the apparent resistivity values harachart. It is reant
to be usd initially to detect datgointsthat obviously Ave wrong values. This could be ca&d by
hardware problemssuch as vey poor gound contact at the electrodesa break in one of the wires.
This data points will probabligave apparent risivity values thatareseveral ordersfanagntude larger
or gandler than the other data poinf.h e s e A b a d danbe eemavd by mavmytthe lefcblue or
right greercursor lines.

11.4.2 RMS error statistics

This suboption displays the distibution of thepercentage difference beteen thelogarithms of he
observed and calculated appanessistivity values as biogram andcorrelaton scatter plotsKigure18).
It can only be usedfter carrying outa trial inverson ofthe data set. Figuré8a slows an examplefdahe
histogram and scatter plotrfa resistivity data seOn selectimg this @tion, the program will first digay
a dialog box for the user to select the iteration tofoisdisplaying tle data misfitsif 1. P. data is present,
the folowing dialog b is nextshown.

Choose resistivity or LP.

Y'ou can choose to display the bar chart for the apparent resistivity or
apparent IF values. Seelctyour choice below.

" Use apparent resistivity " Use apparent |.P.

f* |lse apparent resistivity and [P

If the apparent resistivity data error values were not directly measured in
the survey, you can estimate the noise level from the inversion maodel data
misfit, and use itto calculate the narmalized L1 and L2 norm data misfits.

+ MNo-donot estimate noise ™~ %Yes - estimate noise from misfit

(0] | Cann:e||

The user can cluse to use the resistiyior I.P. dda for he histogram plot, or display blothe resistivity

and I.P. histogram plots at the same tiffigre 18b). Dis@ying both hisogramplots is useful toifter

out data points Wwh high apparent resistivity andPl data misfits. A datpoint with ahigh resistivity

data misfit does noth@ays have a high I.P. misfit, and vigersa. Both the resisity and I.P. da will

be dispayed & satter plots onfte right half of the spee n . 't i s expeanseaidhatehe A Db:e
relatiely | ar g e o fosewampleabove 100 percent.olremove the points with large errors, just

move the green csor line (using th left and rigpt arrov keys) to set theut-off error limit to emove the

Aibado dat a mple of the mlot is hawm Eiguee Ba thatuses a cubff value of 50%. The

points removed are marked in red in the correlation plotherright. For thd.P. bar charplot, a Hue

cursor line $ usedTo move theblac ur sor | i ne, WPg&ptbth&edgBHomed and 6
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The following main menubar is $iown in this window.

B | RES3DINVx64 ver. 3.17.33 Professional - 1D. No. : 890 - RMS Error Analysis Window
Exit Print Options
Save data file with estimated errors *

Remove data points with zero misfits

When the user selects the 'Exit' option in the main menu bar, tteewdditbe saved irm new data fe with
data points havin@ highe data misfit tianthe cutoff value removed frometdata set.

If the inputdata has theestimaederror values for each dataipb(Appendix H), such as from reciprocal
measurements, theqgram will also cleulate a norrdlized data misfit. For thd_1-nom data misfit, he
normalized data misfitLgn) is given by

1 - prj_pn.'j

Ly=—2

m j=1 Apmj +&

wherer. and rm are the alculatel and measured apparent resisyiwalues andDrn is the estimated
error.

In some cases, thestimated error ight be zerofi the rormal and reciprocaimneasuements give the
same apparent resistivity value dte the limited accuracyf the measting indrument. To avoid an
infinite value for the normalized misfit, we add a small positive vat®the denominato The L2norm
data nisfit is calculatedn a similar way usinghe following equation.

2
1 & P — P
L2N= _Z(¥]

m3 Apmj +&

Ideally the normalized misfitshould be albut 1.0if the calculated values fit thdata to within the noise
level. The example fil@1x12_blocksnoise.invis an eample inversn file with estimated errovalues.

The 6 @manu hasntse following options.

Save data points with estisted errorsi This will save the estimated error$ this was chosen in the
di al og box shownswhke mn s thlva seiettddifotadil®whernrthe useexitsthis
window.

Renove data points with zero misfitsThis option is only usedhen the iwversionwas carried out used
the logarihm of the apparent resistivity, and the option to automagigaiinove data pota where the
calculated apparent resistity was negative(secton 9.4.8) These data points thatewe automatically
removedwill have 2ro datami s f i t s i n t dtoees tideiinverséon résults. eThist optiart will
remove these da points when thaser exits ths window.
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(a)

Measured and caleulated apparent resistivy correlation plot
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Figure18. Example of data misfit histogram @ucorrelation plots wittfa) resistivity dataonly, and (b)

both resistivityard I.P. data.
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11.5 Display - Print menu
This menu has tavoptionsas showrbelow,

B | RES3DINVx64 ver. 3.17.33 Professional - ID. No. : 890 - Display Window : D:\Res3dinvx64\1966_res_data_all_final_clip_unknown_pts_trim4.inv
File Display Change display settings Editdata Print Help Exit

Save screen as graphics file

Select type of bitmap graphics format k

115.1 Savescreen as graphis file
Thisoptionloate d under t he 0 Bereenrdamp ofthe semts drawnkorthe scaen.

11.5.2 Select type of bitnap graphics format
This option selects the type of bitmamghics format to e for the s@en dunp. The options arelmwn
beow.

Select type of bitmap format for screen dump

Selecttype of bittmap graphics file format for screen dump. The BMP
format has the largest file size while the ather format are much smaller,

" BMP ¢ IFEG C PMG
" TIFF " GIF

(] | Cancel
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12 Help menu options
The last main menuédp option displays theoflowing submenu opions.

% RES3DINVx64 ver. 3.17.33 Professional - ID. No. : 890
File Change Settings Inversion Display Help Info
Program Info
Help k
Show AGS license file
Uninstall AGS license

12.1 Program info
This display the software copyright information.

12.2 Help
This option loadsip the Res3dwnchm felpfile if it is located n the same foldeas the Res3dinvx64.exe

file.

123 Show AGS license file
This displgys the ontents of the file containinde software license.

12.4 Unregister AGS license
This remowes the digital liense from théC so hatit can be trangfrred b another PC.
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13 Some field examples

Some of theearly 3D surveys were anducted usng the ple-pole array with measurements
between different pairs of electrodes arranged in a rectangtid, such ashe ESCAN metha (Li and
Oldenburg 1992) o the aossdiagonal méod (Loke and Barker 1996). Howeayemost recent
commercial 3-D surveysconsistof a number of parallel -B lines with possibly a few crosknes
(Chamberset al. 2006). 3D surveys are now igely used formappirg very complex areafr mining
(Legaultet al. 2008), engineering and envimental Ruckeret al. 2010; Loke et & 20133 studies. In
this section, theesults from three very different field surveys are showtlustrate the diierent type of
data sés processed by therogram Many other exanples can be found in Loke (2011

13.1 Landfill survey, Sweden

This survey vasconducted over the Ekebodadfill site in Sweden. The field survey (Johanssbn
al. 2007 data set condis of 10 para#l lines with 61 electrodepositions along eachrdie The unit
electrode spacing algreach line is 5 metergihile the smcing béween the lines is 10 meters.igis a
common arrangement in field surveys where the spdmétgeen the linesan be two (omore)times
the inline dectrode spacing. Howewe an inversion model with model k= of 5 meters in both
directions isused toreduce banding effects. Furth@awe, a higher damping factor for the top layers
together witha horizontal roghness filter wh diagoral components isised (loke and Dahlin @10).
The final inversion modelRjgure 19) shows a prominent low resdivity region that corresponds to the
landfill material witha base at abouk2meters.

Ekeboda landfill
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Figure 19. Inversion modeldr the Ekeboda landfill survey dasat.

13.2 Base metal deosit, Australia

This is an interesting example @8-D resistivity and IP survey provided by Arctan Servicgs P
and Golden Qrss Resourcegyustrala. Copper Hill isthe oldest copper minent NSW, Australia. An
earlier surveywas conducted in 1966ing mappingrock chip sampling, an I.P. survey aidirill-holes
(White et al. 2001). Copper porphyry with mingiold and palladion mineralizatio werefound to occur
in gructurdly controlled factures and quartz veins. Howevduye to the very complegeology, lage
differences in ore grades were fouimddrill-holes that were less than 200 meters apartnap tke ore
deposit moe accurately, aew 3D resistivity and IP. surey using the patdipole array was used. The
surveycovered a large (1.6x1Kim) area uisig a seies of 1.6 km lines with a spag of 25 m between
adjacent electrodegigure 20a shows te arrangement ofhie transitter and receier lines. Currents of
up to 7 Ampswere used. The entire rmey took 10days gving a total of over 7000 measurents.
Further details about the survey layout and proedused to impravthe data quday aswell as to
reduce he survg time are desdved in the paper by Whitat al.(2001). The data was inveed with the
RES3DNV program that produced al3resstivity and |.P. model for the area. TheéD3l.P. model thia
shows the loc&n of the minealizedzones more clearlys show in Figure20b. The inversion maal
output fom the FES3DINV program was rearrangedtd a VRML format that could be read by &3
visualization pogram that enabgethe user toidplaythe model from anydirection. The 3D I.P. model
shows two erechelon nortksauth trends and two appriomately eastvest terds forming an annular
zone ofhigh chargeability. The results from existing dhbles thatad targeted thehallower parof the
western zone agrewell with the resistity and 1.P. model. A drithole, CHRC58, intersected a 217 m
zone with 17 g/t gold and 0.72% copper coincidecelivan IP zone of greater than 35mV/V. The lower
boundary of lhe western zone it high chargebility coincides well wih assayresults from exdgting
drill-holes. The eastern zométh high chargeabilityand resistivty valuesdo not outcrop on the surface
and very little drilling has penetrated it.
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(a) Transmitter lines (b}

Remote electrode

at least 2km distant
Preferably in standing
water (such as a dam).

‘ AN s

Receiver lines

Figure20. Example 6 a 3D suvey using the fiset pde-dipole array(a) Electrodes layout used for the
3-D survey of the Coppétlill area. (b) ThelP model obtained from the inv@on of the Copper Hill
survey data set. Yellow areas havergeability valuesof greater tha 35 mV/V, while red areahave
chargeability valesof greater than 45 mV/V (Whitet al. 2001).

13.3 Floating electrodes survey Panama

While the previous twaexample field surveys were conducted on land, this is anuahus
example froman aquatic suey. This survey was condued alory the Panama Cahusing a streamer
cable pulled bieind a boat (Noonan anduBker 2011).The diple-dipole array with an electd® spacing
of 15 meters and a total cable length of 170 meteas used. Thisreangement gaven deph of
investigationof up toabout 25 metersThe water depth was about 15 t@ theters. The survey was
conducted alng seved lines running along the axigf the canal. Auxiliary data such as GPS, water
bathymetry ad resistivity wee also measureduringthe survey. Unlikdand suveys, it is notpossible
to keep the lines straiglin a mobile aquatic suey, as show in Figure 21. Thus conventional -B
inversion of each indidual line did ot give sufficently accurate results. Tér data fom the differen2-
D lines were collated into a3 data file using the aitsary electodes de&aformat. Furthermore, a sharp
boundary corresponding to the water bottom at a depth of adpub 17 metersvas added anché
resktivity of the fird layer (correspondingad the water column) was set at 6fno.m. The inversion
model shows signiicant variations in the sulbottom matdals (the last 3 sections igure 22). The
lowest resisivity material genelly caresponds to maaately soft tuff, intermediate rastivity to
moderately had agglomerte and kgh resistivity to hard andesittNoonan and Rucker 20L1The
inversion of this data set with3655 data poistand 6006 modeells took about 13 mintes on aPC
with an Inté i7 970 hexcore CPU and 24GB RAM.
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Figure21. The nodel grid used for the Panama r@afloating electrodes survey with 20 by 20 meters
cells. Thelocation of theelectrodes alagpthe surveys lines are giwn as olored points.

Figure 22. The inversion model fothe PanamaCanal foating electrodes survey. Thast 4 layers
correspond to the water column.
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Appendix A : Array types in RES3DINV
A list of thearrays supported by the RE3INV program togetherwith their numier codes are
given below.

Table28. Arrays tygesused in FES3DINV.

Array name Number code| Number of etdrodes
Wenner (Apha) 1 4
PolePole 2 2
Inline Dipole-Dipole 3 4
Wenner (Beta) 4 4
Wenner (Gama) 5 4
Pole-Dipole 6 3
WennerSchlunberger 7 4
Equatorial dipoledipole 8 4
Offset poledipole (only usedas subkarray number with dats 10 3

in the generadrray format)

Non-conventional or general array 11 2to4
Crossborehole survey (@arent reistivity values) 12 2t04
Crossborelole suvey (resistance values) 13 2t04
Gradient array (dg used asu-array nunber with 15 4
data in the general ayformat)

Vector array (only used as stdyray number ith 16 3or4

data in the general agréormat)

A desciption of the different arrays typs is given in the fre tutorial notes on elettal imagimg
(Loke 20D). For an array with four eleaides there are three possible arrangements for the electrodes
(Carpenter and Habberjam B)5The Wemer array ha three differat variatiors (Figure 23). The
fin o r ma hner arvilgs actually the Wenner alpha ayra

a). Alpha b). Beta

Ll Pl

c). Gamma
Three possible arrangements
Cq R C, P, for a four-electrode array

S S S

Figure23. Arrangement of thelectrodes for the Wenneiphh, beta ad gamma ays.

— 7T

The diffeent variatons ofthe pok-dipole array are stwn inFigure24. If an offset dipoledipole
array is used, the general array data format shouldsée with a suarray type of0. The nurber of
electodesis normaly set at 3for this array In this case, it imssumed that the rema@2 electrodeis
sufficiently far away so that its effecan be neglected, and the geometric factor is calculated thgn
positions of the C1, Pand P2 edcrodes ony (see sectior.1.5).

For daa =ts whee more than one pomih is used for the remeelectrode and if theremote
electrode isclosetotteeir vey grid, the best -dipoteibon ywiel lofbert
converional arry with 4 electrodes. In thé case, th@osition of the C2 electrode shoulge included in
the calclation of the geometricfactor. The model grid should bextended using the nemniform
rectangular grid format (seoti 7.1.2) so that it incorpates the emde electode. If necessgy, the
eledrodesat arbtrary locations (seiin 7.1.4) data format asbe used ithe remoteelectrode does not
fall on a cowenient model grid point.
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C4 R B
na a Forward
i i i Pole-Dipole
KR C4
a na Reverse
i i l Pole-Dipole
Offset Pole-Dipole
- na—————+—— j§ —m
* L ]
T P1 P2

b

l- 1
Figure24. Normal, reverse and offispole-dipole array arangenents.

Thegeneral aay with numbercode 11 is always gén with a secondary stdiray numbeicode.
If the arrays are actually one of tleenventional arrays, the number code for the conventionay dsr
used as the sufrraynumber (forexample ifit is a dipoledipole arraythe sib-arraynumber is then 3)f|
it is not one of the aoventional arays, or ifit is a mixture of different aays (such as the dipcldipole
and gradient), the stdrray rumber is given as 0. An exg@ie was shwn in Table5 in section 71.1.
Another examge is in file L5N_Resistivity Global.dat included inhe set of fies installel with the
Res3dinvx64 progranT.his data set uses the arbitrary electrodes data format.

Appendix B : Inversion of 2D lines with off-line eectrodes

In a 2D survey,it is namally assumed all the electles lie in a single ight line. The
RES2DINV program allows two exceptions this rule, the equatorial dipeldipole and the offset pole
dipole arrays with some limdtions. Forthe equatrial dipole-dipde array,the spaing baween the C1
and C2 eletrodes is the same fall measurenents and mudie the same as the spacing bedwthe P1
and P2 dipole. It does not handle a case with rdiffespacings between the @id C2 (orP1and P2
dipoles Figure 25a). For the offset poleipole array,the RES2DINVprogram does not allow the C1
eledrode to be at the samdocation as the P1 electrodédure 25b).

a P2 b
(a) L, 2
P2 .
c C2 P2 . P1 P2
o L * - L]
8
&
) » .
> el P . c1
P1 .
P1 .
P1

X - direction —»

Figure 25. (a) Equatorial dipolaipole array with differet potentialdipole lengtls, (b) offset poledipole
arraywith the C1 electrode at the sambogation as the P1 electte.

If a 2-D survey is caied out wih sauch arays,there is ony one surey line (in the xdirection).
However as the electrode pdisins are nbcollinear, t is necessary to use alBmodéding routine to
calculate the potentials. To accommodate tifeerént offsets in they-direction, tke ron-uniform
rectangular gd format (section 7.12) to setup the modeistretization grid. Fothe examplén Figure
233 the number of grid lines in &y-direction must be at least 8. For the offset ghfEle Figure25b),
although here are oly two y posiions used, it is recomamded that fouy grid lines to beaused. Two of
the y grid lines are dummy linesyith one above the PR2 electrodes and another below the C1
electrode positions. If thgpacing betveen conseutive measuremms in thex-direcion ishighly variable
(suchas from a mobile survaystrument) it might benecessary to use the data formath electrodes at
arbitrary positions (section 7.1.4).
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As there is essentially only infmation alamg the x-direction, the weéght of theroughness filter in
the y-direction should be set to a higialue of mee than 10.0€g 20.0), as shown below, usitige
60 Change i ®anrpihg andyRlter Settings Verticalhorizontal flatness filtera t i odn. Tlep t i
option to set thids descriledin section9.3.

¢ “
Choose vertical-to-honzontal roughness filter ratio

[f the main structures of interest are elongated in the vertical direction,
you can choose to optimize the inversion parameters for vertical
structures by using a higher weight (for eg. 2.0) for vertical roughness
filter. However, if the main structures are elongated horizontally, you can
choose a smaller smaller weight (for eg. 0.5) for the vertical filter.

Please enter the ratio of vertical to horizontal filter weight - 1.0

You can adjust the relative weights for the horizontal filter. The filter
weights in the x- and y-directions are usually given equal weights. If
the structures have a dominant strike in one direction, it might be useful
to use a filter with a larger weight in that direction.

K-direction filter weight | 1.g Y-direction filter weight | 2p.0

The program will normally adjust the weights of the roughness filter for
changes in the dimensions of the model cell. This option allows you to
use the same weights for all the cells, i.e. without taking into account
the dimensions of the cells.

Use the same roughness filter weights for all model cells?

* Mo - adjust weights " Yes - use same weights
Cancel

Another situathin that might arise ia 2-D surveyalong a crookd line, as shown ifFigure 26.
This could be due to a winding paithh a land survey, or due trifting of a floating steamer in an
aquatic swvey. You will need to use the arkdiy electrodes data fmet (section7.1.4) with amodel grid
that covers all theelectrodes. The left and rightlimits are set by the firstra last electrodes. The
bottom and topy-limits must ke set so tét it coves the maimum deviations from the stight line. The
averageglectrode pacing can beised as a guide to set tlkenmocel grid spacing, and you can work out
approximate the numbeff grid lines needed in thedirectionfrom the dstarce betweerthe first and
lastelectodes. For the y moderid, you should have deast 4 (omore) grid Ines depending on the
curvature 6the line. This will result in an odd number of model ceilshiey direction, so you aapick
outthemiddley row to use implace of he2-D model. They grid spacing shdd not be less than Hand
not mae than twicehe x grid spacing. The above a&xple has a 21 by 4 model grid for a line with 22
electrodesThe inversion of such a dasat shoulchat takemorethan a fewminutes ona modernmulti-
core PC. Again, you shuld set a higher damg factor fa they-direcion to minimize variations in it
direction.

y - direction
—
-

-
- 4 [ ]

% - direction —w
# Electrode Model block

Figure26. Exampleof a 2D survey along a crded line.
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Appendix C : Using Paraview to digplay the model
Paraview is an opesource free @ graphicspackage thiais popular vith academic institutions
and gwernment agencies. The Paraview program can be downloaded tfi®mvww.paravew.org
website whichalso cantainsa number of guides artdtorial manuals in pgdformat. RES3DINVx64 has
an option to save the model vasin the VTK format that can be read by the Paraview progidm.
first step is to exporthe invergon modelvalues stored il n 6 ile bywRES3DINVX64 into the VTK
forma. To do that, firstradi n h i 6 edreogrmanm hé Di s p | useythie manu shdwm w . Ne
option.
B | RES3DINVx64 ver. 3.17.33 Professional - 1D. No. : 890 - Display Window : D:\Res3dinvx64\BLOCK_41x20-IP.inv
File Display Change display settings Edit data Print Help Exit
Read file with inversion results
Model Export > Export model to XYZ format

Export model to XYZ format (without topography)
Export model to CTech CSV format

Trace program execution

FATE S Export model to Slicer/Dicer format

Export model to Slicer/Dicer format with topography
Export model to Paraview VTK ASCIl format k
Export model to Voxler XYZC format

Export data to Voxler XYZC format

Save model with global coordinates

After selecting this option, thiellowing dialog box to sefct the tyg o information to export
will be stown. If I.P. is present, the I.P. mebwill be saved to theame file.

- =

Export model to VTK format for Paraview

Y'ou can save the model values in a file with the VTK text format
values as resistivity or conductivity. If |.P. values are present
they will be saved in the same file. If global coordinates are
present, they will be automatically saved in a second file.

@ Resistivity values " Conductivity values

oK | Canoel|

This will be followed by a dialog box to &t the iteration number for the model values. The
model vales will then be saved in dd with the v 6 k ®nsomXxNow, sta up thePaaview software
and use-Ogered 6dp tl iethenvtk filep as shevendel n

) Open [y -0 g ? ¢ I 4l B 0> P B |imme: o 0
ST T T G
- = - | S
Load State
Save State
Save Data Ctrl+S
‘E}' Save Screenshot
Export
%% Save Animation
Save Geometry
% Connect
‘% Disconnect
Esit Ctrl+Q

After reading in the vtKile, you will see a green cube with the name of the dataTib make
use of the data] i c kAppl ty édtordinu tt h e rti éePsr @ovpieithe lower left section of thecreen.
The model seatnh willbe dr a wn i ao uthé wiLnd ow o sde ¢f the screem wseng ther i g h't
default settings. Below only a&Wv common operations will béescribed.The Paraiew program has
mary featues but arelaively steep learning cue. Please refer to ¢hmanuals ad tutorials fao the
details.
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One commonoperan i s to customize the <colboropstciadnre, a
shown below.

B
W ParaView 3141 64t WTTE N W T ———SS——

_F-l\e Edit View Sources Filters Tools Macros  Help

e B8 na F ? S S o = o [
g (@ 2] m— e TRk ddi (FlE@e G
) OS2 ® o

Pipeiine Browser 8 X || Layout

T
@ buitin:

n
PP lEkeboda_vik.vik

The following section wasdisplayed &er enabhgthed Us@®g dr i t h mi cAutématicl e 6 an
Rescale to FiDataRangé opt i ons.

Resistivity
2.93e+004
—1.00e+004

1.00e+003

o

Figure27. Example 3D plot using the ParaView program for the Ekaddandfill survey model.

Figure 27 was displayel by aftersee ct i ng t hd i @®8uri fna d etigen Opkeply e[S e r
thefiguresof the Paraview top menu basisown earlier). The axes are displayed by selecting the options
i n the ODi slqrdtea pgdtothed P reiv p i teaksowrn ledobw.

Information

Display 5 X

Wiew Jar_

Visible [ Zoom To Data

Selectable

Color
Interpolate Scalars

Map Scalars

m

Apply Texture |Mone

Color by [@ scalarl - ] [

’Edit Color Map.. ] lR.esmIe to

This section gives a very taf introduction to thdParaView pogram. It is ecmmended the user
follow the xer ci ses i n the free O0The P aat eoversemany dfutheor i al
software feature. The pragram has optionsto display the image asa rendered volume, sés,
isosurfaces, contesand manyother forms.
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Appendix D : Using Voxler to dsplay the model and data

D.1

Thefirstst ep i s

Displaying the model

Voxler is apopular 3D graphics packagby GoldenSdtware (www.goldensoftwee.com) that
can ke usedo display the inversin model in differentdrms. It isgenerally eagr to use than Paraview.

t o

export the

usedby Voxler. To do thatfirst readinthe6 i v 8@ e i
0 F iMlodel ExportExport model to Voxler XYZC formd@menu option shown below.

B | RES3DINVx64 ver. 3.17.33 Professional - ID. No. : 890 - Display Window : D:\Res3dinvx64\BLOCK_41x20-IP.inv

Fil

e Display Change display settings  Edit data

Read file with inversion results
Model Export »
Trace program execution

Exit from this option

Print Help Exit

Export model to XYZ format

Export model to XYZ format (without topography)
Export model to CTech CSV format

Export model to Slicer/Dicer format

Export model to Slicer/Dicer format with topography
Export model to Paraview VTK ASCIl format

Export model to Voxler XYZC format

Export data to Voxler XYZC format

Save model with global coordinates

n

t sl pay @ g wa m dtigeii.

On selecting this option, the folving dialog box will be sbwn.

Export model to Voxler format

You can save the model values in afile with the Voxler XyYZC format.

Selecttype of model value to save.

¢ Resistivity

¢ Save values directly

Select model with or without topography.
" Model with topography
If model |P. values are present they will be saved in the same
file as the resistivity values as a multi-component data file,

(¢ Model without topography

Cancel

" Conductivity

Select direct or logarithm of resistivity/conductivity values,
¢ Save |logarithm of values

componaet file. Similarly, the sagtivity and model resolutionalues (if present) are saved to the same

If 1.P. valuesare present, thg are savd togetrer with the resistivity valug as a multiple

file. The sensitivityvalues are normalized soaththe valesrange letwea 0.0 and 1. For mary daa
sets, he resistivity has a vg large range of mortéhan two or@rs of magnitde Selecting to save the

logarithm (to base 10) of the value will reduce it to a linear range

a file Ekebala_log10_resvoxler.dd. To strt plbtting the model, firsu s e

Voxle r (o réin&dxler@B)ata réad in a datde as shown below.

v
0O

Mod)
=]
=2

24

I
-

As an example, we will usan inversbn model fom alandfill survey in Sweden (Loke and
Dahlin 2010) describeearlier section 13.1We will first look at theplotting of the model without
topography that was exported to Voxler format as described alsaveng as logarithm of resivity), in

File Edit View Create Window Help
O Hew
& Open Network...
Close
[ Ssave Network
Save Network As...

I N

Save Data...
Export...

Page Setup...

& Print...

Preferences...

1 G:\Voxler\Ekeboda\No_Topo\Ekeboda_no_topo.voxh

2 G:\Voxler\Fiborna\Fiborna-new.voxb
3 G:\Voxler\Fiborna-new.voxb
4 G:\Voxler\Filborna.voxb

Exit

CitrhN |- @
cako | 2 x

Ctrl+S

Cirl+P

;-0 Resample

| ” [¥] Auto Update
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After you read in the file, you shizlisee the name appearingtive Netwok window in Voxler,
as show below.

J\. File Edit View Create Window Help

Dzds meleRan @aao® s

Module Library 2 x Network a x
=
+ Viewer Window @D

=29 Examples
o Gold (ScatterPlot)
- Helens (ContourMap)
- Skull (VolRender)
- Teddy (Orthoslice)
& Terus (Isosurface)
& Vortex (VectorPlot)
-+ Load Data...
-2 Computational
- ChangeType
=+ DuplicateFilter
&+ ExclusionFilter
B Filter
B Gradient
W Gridder
o Math

= oge ot~
- Rg;amp\a [¥) Auto Update
- Slice v
-5 Subset Lesiriz o e i eain
o+ Transform File Path \Ekeboda\No_Topo\Ekeboda_logl...E]
424 Data Source Worksheet
-~ FunctionLattice Dataset Type Point Set
i LB Testlattice Number of Points 11824

Next, we will carry out three opations that are usualfyrst implanented for altata sets.

(1). First set up &dounding box that shows the spatial limits of the data set, s el ect i ng t he
Outputi Bourding B optiod i n tuke eibrabydhondow. Make sure the data sethgyhlighted in

light blue i nN etthweo rokw(aswhow id the previous diagn when you select this option.

(2). The next step is to digy the x, y and z axes bglscting tte Graphis Ouputi A x eaptidn inthe

O MalldLibr ar y 6 wi n @ thevdata 8ébikhaghtediim [ght blueintleé Net wor k6 wi ndo
well whenyou select this. You should then see the axes drawn as Ré&aréen (y) and Blue (z). Ahis

point, rotate he bx i n dwhre d @wWdonhat thez axis is pointing upards. You might want to

change thesettings inte6 Pr operti esd e hdmovd floa, tfheer 6eAxampl e
thinner by setting he 06 Ax i s T hoialookt 9.8frers thedefaadt|value of1.0. In the display

belov, the opti vrerdBl iwvabitekain sel ect

(3) The third common operation i® grid the data. To do that, first click the data file namehia

O0Net wor kd witis Highlightesl o light bliee agai. Next dauble click the6 Computiat i ona
Gridder 6 opt i onlelinb riveimeywodhidddud d t hen di sed awi ndcdew o6fPa
the 6Gridderd modul ept iVomnxd ,er 0 Ihrarsle rosivemlgrugot @ it@éoli @negd oa
might needo try both to deerminewhich method gives thieest results for yoyparticular model. Click
the6Begin Griddibog& oanptoifont haet 6tPreoper t i es dlatiomi ndow
which normally takes few secods. Once he gidding is canplete, yas can now disgday the data in
variousforms.
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Module Library 3 X Network ax
=

= Viewer Window @0

=423 Examples

.. Gold (ScatterPlot)
...+ Helens (ContourMap)
... Skull (VelRender)
..+ Teddy (Orthoslice)
-..0¢ Torus (Isosurface)
. Vortex (VectorPlot)
.. Load Data...
-2y Computational
..+ ChangeType
- DuplicateFilter

O+ ExclusionFilter

Ekeboda_loglQ_res_voxler.dat @D 0 |V BoundingBox @0
Axes©

O /| GridderQ

.+ Filter

B Gradient

- Gridder

-.E Math

- Resample =

5 Slice .Auto Update Update Now @
..E+ Subset 1= {Gridder (11884 input points):

Data Dependent...

Geometry (Axis Aligned 50 x 50 x 50)

= Method Inverse Distance
Anisotropy Isotropic

2

0

= Search Type  Simple

Radius 3166219118

Min Count 1

B Transform
=-3 Data Source

m FunctionlLattice
L B Testlattice
423 General Modules Power

Smooth

=23 Graphics Output
LB Annotation

o fes Max Count 50
B BoundingBox Action *
l+ ClipPlane L3

Pom et

Next we wil look at afew common wagto display the data.

Isosurface
This plots the surface contour for the value selectedigur& 17, it appears thateboundaryof
the lowresktivity mateial in the landfill is marked by the 56 ohm.wontour (or about 1.76n the log

scale). To plothe isosurface correspondingttoi s val ue, first make sure th
(highlighted in light blue)then doub¢ dick the  &pBics Outptii Isosufaced tiomp This will show an

isosuface (corresponding tthe middleresistivity vdue ) i n t he 6 Vi theved Br ovg enrdtoiwe
box for it. | n t headuétkthe mammeatetsifortisodurfaeasplay. hefollowiaga n

charges weremade to get he display inFigure 28. Isovdue = 1.75, Color Map = change Rainbow,
and Data range (cl i ck3%(Mah.dThistdisptays dlove resiivity mateiaMi n) a
in the landill as agreen isosurface inFigure28.

Figure28. Isurface plot for the Ekeboda landfill model. The green surfaceahealue of 1.75 (log scale)
or about 560hm.m. Tte light brown suface has aalue d 3.0 or 1000 oim.m.

Note it is possible to displaynore than ae isosurfacehy sel ecti ng tle 6Gr |
foll owed by theéeél &s aphacshhwaong-igure®dfor tha ligh sestivity
mateial below the landfillandto one corner nedhe surfaceTo add the dor scale, click the + symbol
next to the Legend label atthe bottemi ght of tHoe OPropertieséo
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Volume rendering

This displaysthemodelas a3-D image. D use itfirst sdectth e &6 Gr i d d edlicgkingnto d u |l e
so that itis highlighted, then seled he 6 Gr ap hVolRenke®u toputi on . Adj ust t |
OPropert i e gh@colomimagd youywan. it g & t aacit yodthgslfdttis se to 1.0,only the
modelvalues at the sides @rurface are displayedReducing ti allows the iterior parts to be displayed.
For example Figure29 used a setting of 0.5. Yatan use bit the issurface and the @lume rendred
plots inthe same display.

Figure29. Volume rendereglot for the Ekeboda landfill wdel.

Displaying slicesi Orthoimage

This displays a selectadiice through the model. ISt selecthe 6 Gr @ rd@dulmby clcking it,
thensekecttte 6 Gr ap hi Ors h @iu in g g ¢Fguredd shaws an.eanple of an XZ vertical
slice. You can display several slidesy s el ect i n gd t d pgaiddomrekadne itordiapdsy
an XY horizontd slice in the same display.

Figure30. X-Z slicedisplayed using the Orthoimag®pfor the Ekeboda landfill model.

Displaying a model with bpography

If the model hasapographyandthe ogion to export tle model wih topogaphywas chosen, the
RES3DINVXx64 program will geneate two morefiles in addiion t o t he V oheddditionalo dat 6
files have a 6gr dod e xforrean shat oontains the oaindtes 6 @BibtfkartheR GR D
ground surfice (witha 6 topg r chdhe file name) andéh bot t om (guwibt h fileanande)}eb ot .
Thes files are used by Voxler t@ank out the regions above the ground surface and belovores |
limit of the model.

To display tke nodel wih topography, fist readmthe a6tdb e f and setdiwp tBloex 66 |
and O Awas dode mvisusly. Theman additional stepistoinclea 6 Mat hé modul e be
a final module to display themodel. After setting up théGr i d doeluepseeath e 6 Madule &6 mo
(undethe dnPutda i onal 6 |duwlte i Ma nt ehgfesidédiotewindow)eNovlyeu need
toread inthe grdfigs usi ng-l mp@r t6d1 menu opt i ointhe gldHiles tonteex t st
0 MA 6 mardtuhl eetwdriNMa n a g exdow. Fivg iclick the right end of the rectantar box with
the name bt h e .0g r. d éolgfdowh the leftihmouse buttonpndmove the cursor to the left end of
the O6Mat ho they areidormectedMoe wilbe a smabialog ox. 2 | e ¢ Conredt lpt 6
Lattic e option in the dialogba Connect tdh ef idlhe b @itMade mdhe samaway,
and choosghe C6nnect l nput Lattice. TOke®WmMNMbr an Managbeed d
shoul look som¢hing likein the followingfigure.
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Metwork Manager

Ekeboda_logl0_res_voxler_topo.dat@

b sounamgaono
£ Graaero

Ekeboda_logl0_res_voxler_topo_top.gqrd @0
Ekeboda_res_ voxler topo_bot.grd @0

Next click t he 6 Mat hd omwo dtuh e G Pr osplerr thisymoddle. nira thes
Expression [IFZ5BrOR, Z&k¢pe, A@ as shown bel ow.

Property Manager * 0 x

Auto Update Update Now [E

Input lattice & Gridder
Input lattice B Ekeboda_logl0_res_voxler_topo_top.grd

Input lattice C Ekeboda_res_voxler_topo_bot.grd
Output type Float (32 bits)

=

Qutput compon. 1
Expression [1] IFZ>B ORZ=C0A

After thatl Rendecrkd tcohpet ldovda inwigdevh(é Maesdiuywoed i f
wishto display anisosurface)Figure31shows Kkeboda landfill model after adalgy the topography.

Figure31. Volume rendered plot for the Bimda landfil model with topography isluded.

You might see mall steps on the topudace of the model dgayed. Thisis because \ider
interpolates the model vadginto a rectangular grid system. This is in contrast toPthewview program
(Figure 27) thatdirectly displays the hexahedral blk&in the model with fgography.
If you use Voxleregularly, it isrecommendechit y ou pur chase the O6Voxl e
as well from @lden Software that has madetails orthe differentfunctions inthe softvare.
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