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1 Intr oduction

RES2DINVx64 is a computer program that will automdlycdetermine a twalimensional (2
D) resistivity model fo the sibsurface fordaa obtained fom 2D electrical imaging surveys (Dahlin
1996). It is a 64bit Windows baed program that suppostmulticore CPUSs.

Figurel shows an example of the electrodes arrangemennaadurment sequenceat can be
usal for a 2D electrical imaging survey. Many different medfiectrode systemhave been developed
over thepast 20 years using different arrangements of the £alpleé measurement strategies (Loke 2018,
Loke et al. 2013)This program is dsigned to invertlarge data sets (with about 200 to 100000 data
points) collected with a siamwith a large numbgi25 to16000) of electrode positions along the survey
line. The survey is usually carried out with a system whereltdaredes are arraregl along a linewith
a constant spacing between adjacent electrodes. However, the progralso ¢endle data setsith a
nonuniform electrode spacing.

Station 32
| ' |
?1 Ja ?1 Ja TZ 3a ?2

| | Resistivity Meter

Ci 2a ﬂ1 2a ﬁ2 2a C2

Station 1

Multi-core cable
Pi1 P2 C3 Electrode Number

1
Data 1 2 2 4 5 & T 8 9 10 11 12 12 14 15 16 17 18 19 20
| | 8] | I I I I I I I I I I I I | I |

Sequence of measurements to build up a pseudosection

Figure 1. Sequence of measurements to build up a pseetionusing a compter controlled multi-
electrode survey setup.

The 2D model used by the inversion programsias of a large numhreof redangular blocks.
Figure2a shows an arrangement of the blocks thatdselytied to the dstribution of he data points in
the pseudosection. The distribution and size of the blacksutomatically gensated bythe program
using the distribution of the data poirts a rough guide. The depth of the bottom row of blockstiso
be approximeely equal to tle median depth of investigation (Edwards 1977) of the data points with the
largest electrode spacin Figue 2b shows an alternative arrangement with blocks d@bmam width
extending to the ends of the survey line.

A finite-difference or ihite-element mdelling subroutine is used to calculate the apparent
resistivity values, and ron-linear smoothnesconstained leassquares optimization technique is used
to calculate the resistivity of the model blocks (deGrbedin andConstable 198). This programcan
be used for surveys using the Wenner, jpuke, dipoledipole, poledipole, WennerSchlumbergr,
gradent and equatorial dipoldipole (rectangular) array@ppendix A). In addition to these common
arrays, the pragm suports noncorvertional arrayswith an almost unlimited number of possible
electrode configurations (Loket a. 2010a,b). You aa proces pseudosections with up to 16000
electrode positionsra 100000 data points at a single time on a computer &iigalytes (GB) of
RAM. Besides nanal surveys carried out with the electrodes on the ground surface, thenpragy
supports aquatiand cossborehole surveys.
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(a)

Pt |

BoaeH
b

[T] Model black Number of model blocks 496

*  Datum point Number of datum points 469

(b)

] Model block Number of model blocks 784
% Datum point Number of datum points 469

Figure2. Two possible arrangements of the blocks used iwDan®deltogether withthe data pointsn
the pseudosection.

2 Computer system requirements

This program is desigd to run on microcompters umg the Windows XP/Vista/7/8/10
operating systems. Onmaodern multicore PC, it will take less than a half a i@ toinvert the déa sd
obtainedrom a survey with 100 electrodes.

System requirements : A PC with a-B# multi-core CPU, at last 4 GBRAM and a 64bit version of
Windows is required. Hower, it is recommended that you use a PC with at leasB&R&M. The
program an acaess morehan 8 GB RAM. This greatly increases the data and model size that can be
proces®d.

It is recommeded thatyou use a PC with an Intel (rather than an AMD) CPUtlas
RES2DINVx64 program is optimized for this type of CPltheseoptimizatiors an significartly reduce
the calculation time for large data sets. The program uses fitiglidato store tempary swapfiles. If
you have more than one hatibk drive, theprogram will automatically select the drive with the latge
amount of free spceas the driveto store the swap files. The amount of free kdistt space should be at
least4 times the RAM.

Practically all computers have an -luilt power management systethat slows down and
eventually shuts down the computgstem f the keyboad o mouse is nbaccessed after a certain time
limit. This can interfere with the operatiai the RES2DINVx64 prgram if you are inverting a large
data set or using the batctode to invert a large number of data files. Windows ab® dn m-built
scre@ saver functiors that replaces the contents of the screen with a screen saver prograra. Befo
running the RES2DINWY64 progam, you will need to disable both the power managemedtscreen
saver programs.

There should not be too mabgpckgrand programsunning while executing this program. The
active background programs are usually shown erSthrt' bar at the bibom ofthe screen. By shutting
down the other programs, moreemory will be available to this program. This will reduoemoryto
harddisk swagping that sbws down the program.
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3 Copy protection

The program uses the Aarhus CGafbsare Internet basedligital copy protections system for
copy protection. Without th digital license, you can use the program to invert setta wih up to 84
eledrodes (with a limit of 4 iterations in the inversion routine). With a license that s t
RES2DINVx64 softwarelicense the restrictions are removed. When the program rcleed for the first

time the user is prompted to suppliic@nsecode:

Information

License not found.

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?

Cancel

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

fA@cel cecsedelt he program continues

selected the usereed to ater the license code in the following window and pfe€3K 0 .

Rez2Dinv

X

Please enter your license code: ||

o |

Cancel |

n

die mo

If the license code is valid the following screeith information abutthe PC andhe license ID number

is seen:

Systemn Resources

& Mumber of CPU Cares is 10
! Total Physical Memory 130961.6 MBs
Accessible Physical Memory 1309440 MEs

Screen view area 3840 by 2077

The maximum number of data points

you can process at a single time is 250000,
Maximum number of electrodes is 12000,
Maximum number of model layers is 101,
Windows 10

20 software license detected
License IO number is 921

RESZDIMVxE4 ver, 49,1 date &- 5-2019

Copyright (2019 M.H.Loke

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

Web : www.geoctomosoft.com
www.aarhusgeosoftware.dk

Free Disk Space 1774.44 GBs in drive eX\temp_buffer_2dit,

Update and support expiry date is 1-1-2050

It is also possible to see the license infaioni n
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4

The license can be unregistd to be moved to another PC, always remember to dob#ime
unregisteringhe software ashe computer will still take up the license if this is not done.
To unregiterthel i c e n sHelpiplUaas e gd st er AGS | icenseb6 option a

% RES2DINVxG4 ver. 4.9.1:- 921

File Edit ChangeSettings Inversion Display Topography Options  Print | Help
Program Info
System Info
Help
Technical Support

Show AGS license file
Unregister AGS license k

4 Theory

The inversion routine used by the program issbdasn he smoothnessondrained leat-squares
method (deGroeHedlin and Constable 1990, Sasaki 1992, Loke let2803). The smoothnes
constained leassquares method is based on the followingagipn

(JJ+/F)Dgk =J'g-/ F k1 (4.2
where
F=aC  Cx+ aC; C;
Cy = horizontal roughness filter€,, = vertical roughness filter

J = Jactian matrix of partialderivati/es,JT = transpose ol
/ = damping factorg = mocel vector, g = data misfit vector

ax = weight forhorizontalfilter, a, = weight for vertcal filter
k = iteration number

One advantage of this method is that thmping factor and roughess fiters can be adjusted to
suit different types of data. Aletailed description of the different variations of thmosthness
constaind lesst-squaregnethod can be found in the free tutorial notes by Loke (2018). The different
program options are deribedin sections 10 and 11.

Starting from an initial modelugually a homogenous earth model), the program calculades
change in the malel parameters gk) that will reduce the difference between the calculated and
measured apert resistvity values (g). It adjust the resistivity of the model blocks subject the
smoothness constraints used. A measure of thisreliiée § given by tle rda-meansquaed (RMS)
error. However, the model with the lowest possible RMS error soraeshow largeand unealistic
variations in the model resistivity values and migbt always be the "best" model from a geological
perspectie. In ggneral, the mstprudent apprach is to choose the model at the iteration after which the
RMS error doesiot change sigificantly. Thisusually occurs between the 3rd and 6th iterations.
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5 Software installation

You can download the programs frothe wwwaarhusgeostware.dk website The
RESDINVx64 package comes in a single compressed installation fildlJBEEXE. It is a Windows
based nstallation program that will install the program filéBhe default folder for the program is
C:\Program FilesAGS\Re2dinvx64. Table 1shows a list of some of the files that are installed when you
run theSETUP EXE program.

Table 1. List of fil es and fle typesinstalledwith the RES2DINVx64 program.

RES2DINVx64.EXE Main inversbn program

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

Redinv_Guidepdf Brief guidefor getting started using RES20Vx64
RE&DINV.CHM Windows Help file for this program

.datfiles Input files containig data from DQIP) survgsin a format that can

be read bRES2DINVx64 In this manual, you can find moeraus
examplesvheredifferent data files are used fanversions with
different settings and configurations.

.inv-files Output files containingnversion results

RES2DINV.INI Configuration file for the REEDINVx64 program.

RES2DINV.IN2 Alternative caifiguration file.

.bth-files .bth-files are used for batch inversions where multigid¢a sets can b

schedutd for inversions See examples below ihis manual

RATHCRO_SURFER.ZIP Examplefiles used for demonstrating how inversion rescidts be
outputto the Surfer contourig progam. Examples are given below

this manual.
COLLATE_2D _TO_3D This contains a seif example filego colate data 2D survey lines
Arbitrary.zip into the arbitrary electrodes formatBdaafil e used b the
RES3DINVx64 prgram
/misc files Subfolder catainingnumerous examples ofput and outputs that

can be used for teag different types of setups and/or ingpion for
setting upnversions.
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6 Using the programi a quick start

Click the RES2DINVx64 icon to stathe program The progam will first check the computer
system to ensure that iththe necessary resources (such as memory andlisrsiace) thait requires.
As anexample below is a typical initial information box displayed by the program.

System Resources X

& Mumber of CPU Cores is 10
! Total Physical Memaory 130961.6 MEs

= Accessible Physical Memaory 130544.0 MEBs
Free Disk Space 1774.44 GBs in drive eXtemp_buffer_2di\.
Secreen view area 3840 by 2077
The maximum number of data points
you can process at a single time is 250000,
Maximum number of electrodes is 12000,
Maximum number of model layers is 101,
Windows 10

2D software license detected

License ID number is 921

Update and support expiry date is 1- 1-2050
RES2DINVxE4 ver, 49,1 date 6-5-2019

Copyright (2019) M.H.Loke

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

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

After chedking thecomputer onfiguraion, the program will then display the following Mavienu bar
near the top of the screen.

B8 RESZDINVxG4 ver, 4.9.1:- 921
File Edit Change Settings Inversion Display Tepography Options  Print  Help
Read data file

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

Calculate errors from repeated readings
Data Import ¥

Collate data into RES3DINY format
Concatenate data into RESZDINY format

Combine 2-D files into a time-lapse file

Change buffer drive
Save sorted data after reading in data file

Trace program execution

Exit program

You can selecan optionby clicking it with the maise cusor. If this is the first time you are
using the program, try readimgoneof thesmaller fikes sucltas the BLOCKDIP.DAT provided with the
program. Clickhe 'File® choi c e, f Rehddatafibed rbehoide.PAker thiat,if necesary,
navigateto the folder where the RES2DINV program is installed. After readinipe file, goto the
filnversionbopt i on, and Cdrrg out invdrsionos gtmnt Theeinvérsion subroutine will
start. Wait for aboué secondor the d#a tobeinverted. If you need to stop the inversion routine at any
time, just click the 'Netk subwindow at the botm-right of the screen and wait for a short while. By
defaut, the program will carry out 6 iterations that can begased ihecessary.

After the invesionp ocess has been Displapgp | @p teidon ctl hatk wihle
newwindow. In the newwindow,c | i c IDisplay sctidns- Display data and modésection® s ub
option. You will then be asked to selebetiteraton numberand type of conbur intervals. After you
have made the appropriate choices, the programthweill dsplay the apparentesistvity and inversion
model sections.
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7 Data file format

When you Readdatafiled t men @ ddsaibednehe preioussection, alist of
files in the current folder that has an extension of DAT will beldi®d It is assumed thathe fies
follow the format required by this program. Ibth you have to convert the raw data file using the
convesion progam for theparticular resstivity meter system. Most field equipment systems, such as the
Abem and lIrislnstrument systems, comevith a utility program to convert the raw data into thenfiait
required by the RES2DINVx64 program. This program akso impot data fran a number of field
systems (section 8.6). The apparent resistivity values are given ihfddeXou can use anyext edior,
such as the Windows Notepad program, if youcaeating the data file manually. The data are arranged
in an ASCII climited mannerwhere a conma orblank space or LF/CR is used to separate different
numerical data itesa If there isa problemin running this program, one possible cause is that thet inpu
data were arranged in a wrong format.

There are two mia types ¢ data fomat u®d by this progtam, an index based and a general
array format. The older index basednfat is only used for comentiond arrays such as the Wenner,
WennerSchlumberger, de-pole, poledipole and dipolaipole arrays. The generafray fomat can be
usedfor any aray, including norconventional arrays.

7.1 Index based data format

The index based dataformat usea maximum of three parameters to specify an arfagyre 3).
The first parmeter is he locatim of the first (leftmost) electrode or the migoint of the array. The
second parameter isdlspadng between the Pland P2 ptential electrodes (tha''spacing). The third
pamameter (only applicable to the palgole, dipoledipole and WenneiSchlumbeger arays) is te
ratio of the distance of the current electrode from the nearest potgatiabde to the P1P2 sm@acing (he
M6 value). The t hr emFigueB omhe digokipoleanrag asiarl exampld. r at e d

c2 c1 P1 P2
wE—g — ek na FeE—ad—>e
| |
First Mid-point
electrode location
location

Figure 3. Paametes that specify the location and length of an array in the index blasefbrmat.

7.1.1 Wenner, pole-pole, equatorial dipoledipole arrays

For the Wenne polepole and equatorial dipoldipole arrays, it is &ays assumd that te n'
factor is alwaysequals to 1 and thus need not be listed in the data file. As an exaivgbata file
without the h' factor, Table 2 shows the data format for the example file LANDFIDAT with
comments abut informationin thedata lines.

The data file BLOCKPOL.DAT gives an example of a potée array data se. The arragement
of the electrodes for the equatorial dipdipole aray is shown in the Figure 4.

Equatorial Dipole - Dipole

cC2 P2
[ ] [ ]
+ +
b€ a >h
b +
[ ] L ]
Ci P1

Figure4. Arrangemat of electrodedor the equatorial dipoleipole array.
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Table2. Example Wennerarray datdile format.

LANDFILL.DAT file Comments
LANDFILL SURVEY | Name of survey line
3.0 Unit electrode spacing
1 Array type, 1 forWenner
3# Numler of datapoints
1 Type of xocation for data points, 1 for migoint
0 Flag for |.P. data, O for none (1 ifpreseny
450 3.0 84.9 First data point. For eachata point, list the »ocation,
750 3.0 628 'a' electrodespacing, @parert resistivty vaue

10.50 3.0 49.2 Third data point

13.50 3.0 41.3 Fourth data point
Same formafor other data points

75.00 48.0 52.5 Last datapoint

0,0,0,0,0 Ends with a few zeros. Flags for otheations.

The apparet resstivity valuer, for this array is given by
ra=2pasR/(sa) (7.2)

wheaes =(a® + b?)*®andRis the measured resistance. This array differs fromeratirays where the
electrodes are arranged in a singteliEach eading ischaraterized bytwo gacings. The first spacing,

a, is the distance between the current tetelespair C1-C1 and thepotental pair PXP2. The second
spacing,b, is the spacindetween the C1 and C2 electrodes. This program hasratiestthat the

spaing ketween theP1-P2 pair must be the same as that between th€Z pair. An example of data

file for this arrayis the dta file FAULTEQU.DAT inTable3. For this array, it is necessaryitelude

the b' spaing ketween theC1-C2 electrodes pair after the array number. It is assumed all the readlings
thedatafleusethes am®d® @& paci ng bd |sfp adcifrfgesr emidrdo dpperedid Binthd e a s
Res3dinvx64 manual.

Table3. Example eqatorid dipole-dipole array data file.

FAULTEQU.DAT file Comments
Equatorial dipole-dipole | Nameof suney line
array
1.0 Unit electrode spacing (a)
8 Array type, 8 for equatorial dipolelipole
15 The 'b' spacing lieveen theC1-C2 pair
285 Number ofdata mints
1 Type of Mocation for data points, 1 for migoint
0 Flag for 1.P. data, Ofor none ( if present)
0.50 1.00 2.74 First data point. For eachkata point, list the
1.50 1.00 2.74 x-location, 'a' ekéctrode spcing, andhe
apparent resistivity value

Same format for other data points

47.006.00 1.02 Last data pont
0,00,0,0 Ends with a few zeros. Flags for other opgon
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7.1.2 Schlumberger, dipoledipole and poledipole arrays

The dipole-dipole, pde-dipole and WennetSchlumberger arrays data sets have a slightly
different format Bce an extra parameterthe dipde separation facton', is neededTable 4 shows an
example for te WennerSchlumbergearray.

Table4. Example WenneBchlumberger array data file.

PIPESCHL.DAT file

Comments

Undergroum pipe survey

Name of survey line

1.0

Unit electrade spacing

7 Array type, 7 for Wenneschlumberger

173 Number of dta points

1 Typeof xlocationfor data points, 1 for mighoint
0 Flag for I.P. data, O for none (if present)

1.50 1.001 64.1633

First data point. For each data point, lidi¢ xlocation,

250 1.00 1 408.0756

'a’ electrode pacing, tke 'n' facbr andthe

3.50 100 1 770.0323

apparent resistivity value

450 1.00 1 675.326

Fourth datapoint

Sane format for other data points

250 1.00 2206.2745

31st data point, note 'n' value of 2

19.00 2.005 8963058

Lag data int, note a=2.0 and n=5

0,0,0,0,0

Ends with a few zeros. Flags for othetiops.

Table5 describes the data filedmat for the dipoleadipole array.

Table5. Example dpole-dipole arry datafile.

BLOCKDIP.DAT file

Comments

Block

Name of survey line

1.0 Unit electrode spa&ing

3 Array type3 for dipoledipole

173 Number of data points

1 Type of xlocation for data points, 1 for midoint
0 Flag for I.P. data, O fo none(1 if present)

150 1.00 1 641.1633

First data point. For each data point, ligte xlocation,

2.50 1.00 1 408.0756

'a’ electrode spacing, the 'n' factordthe

3.50 1.00 1 770.0323

apparent resistivity Mae

Samedrmatfor otherdata ints

250 1.00 2 206.2745

31st data point, note 'n' valu 2

19.00 2.005 8963058

Last data point, note a=2.0 and n=5

0,0,0,0,0

Ends with a few zeros. Flags for other options.

In mostcases, ta'n' dipole segration fector is an integer value. However, it is possible for the
'n' factor to havenon-integer vdues althogh all the electrodes still have a constant irgksctrode
spacing. This can occur when the spacigetween the BP2 pairis twice @r mome) the unt eledrode
spacing. For the example shown in Figure 5b, the unit electpading for the survey lire is 1 neter.
The a' spacing has a value of 2 meters, wiiile distance between the C1 and P1 electrodes is 3 meters
In this case, thén' factor has avalue of 1.5. The data file, DIPOLEN5.DAT, gives an example of a
dipole-dipde data set with nortinteger h' values. For cases where the fractional part ohtfaetor has is
an infinite series in decimal notation, tmé value should begivento at leat fou decimal places. For
example, if then' value is one and oriird, it shoud be gven as 1.333.
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If the location of the first electrode is used in tagadormat, it should be the leftmost electrode;
such astie C2 eletode inFigure 5a andFigure5b, C1 inFigure5c and P2 irFigure 5d.

a). b)
Cza L1 na f a E C2 Cs R F
b b Sl S S
Dipole-dipole. n=4 d). a=2m n=1.5

c). C,

| 'y

Figure 5. Arrangemei of the electrodes for the dipetipole and polalipole arrays. (a) pole-dipole
array with integern' factor. (b) Example of dipoldipole array withoni nt engev ah u e .
of the electrodes forJc t hwea riid @ daewedi s deddipgte@rrays.

na na

I

Reverse Pole-dipole

Pole-dipole

Arrang

There are two other issues involved with the mbfmle aray. The first is that tke currem
electrode can be to the left (normal arrangementp the right (reverse arrangement) of the potential
electrodes. D distingush bdéween thetwo arangements, a positive value is used for thé&cttor in the
normal arangement, ard a negatie valuefor the 'reverse' arrangement. The pdigole arrayis an
asymmetrical array, and over symmetrical structutes appagnt resigvity aromalies in the
pseudosection are also asymmetrical. In some situations, the asymmeiw measued apparent
resistvity values could influence the model obtained aift@ersion. One method to eliminate the effect
of this asynmetry isto repeathe mesurementswith the electrodes arranged in the reverse manner. By
combining the measuments with theil f o r vaanrdd &€fr rseevedipglecatrags, any bias in the model
dueto the asymmetrical nature of this array would be remoVkd.file PDIPREV.DAT is an example
datagt that combines measur ement s nealdokeariays (Tdblet he #A-
6). There is no comon standard to define the position of the pseudosextmotting position or the
pole-dipde aray as it is a nosymmetrical array. There are two possible conventitmsse the mid-
point baween tle P1P2 electrodes or the mjabint between the GEB2 electrodes. This program uses
the midpoint between th€1-P2 eletrodes tadefinethe x-location of the array.

Table6. Example polalipole aray daafile.

PDIPREV.DA file Comments
Forward and revers| Nameof survey line
pole-dipole array
7.0 Unit electrode spacing
6 Array type,6 for pok-dipole
162 Number of dda ponts
0 Type of ¥ocation for data points, O for first electrode
0 Flag for 1.P. dat, O for nme (1 ifpresent)
0,63,1,0.8277 x-location, 'a' spacing, "factor, apparent resistivity,
0,56,1,0.8236 2nd data pont
0,491,0.8888 3rd data point

Sameormat for other data points

0,63;1,2.298 82nd data point, 'nvalue of -1for reverse pte-dipole
0,7-1,102.4 Last data point, note a=7.0na n=1
0,0,0,0,0 Ends with a few zeros. Flags for othmations.

Another \ariation of the pole-dipole array is the offset poldipole array. This array was originally
designed to cary out 3D I.P. suveys rapidly (Whiteet al, 2003), thus data fromush surveys are
normally processed with thel3 inversionprogram RE3DINVX64. Suppat is provided for the array in
this program so that users have the option of inveeaaty line indvidually. The arrmgement of the
electrodes is shown in tHagure 6. The arrangemens similarto that sed bythe normépole-dipole
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array except that the current electrode is not on the samaeslihe potenial electrales butoffset at a

di st &n cfer oim t h e sawrangemgnt was used .to rediceé the EM coupling between the
current éectrode ad thepotentialdipole. The RES2DINVx64 program does not support the case when
the C1 electrde is immedidely belowthe P1 tectrode (i.en=0). For a data set with this arramgent,

you will need to use the RES3DINVx64 program. Armotlestri¢ion is that thedb ot fdistesmice is the
same for all/l t he bdatval psedénritha sueey, hdu widaisd neesl toausetthe 6
RES3DINVx64 program. The file OFF_PPCDAT gives an example of the data format for this array.
Table 7 shows the initial part of this data file with comments aboetftimat. The data formatis
essatially the same as the normal palipole array, egept the array number is 10 and the offset distance
is given immedigely afterthe aray numbe.

- na e 3 —
! P1 P2
b
"
c1

Figure6. Arrangement of electrodes for thdaf pole-dipale array.

Table7. Example offset poléipole aray data file.

OFF PDP.DAT file Comments
Blocks with IP Title
2.0 Unit electrodespacing
10 Array type (10 for offset poldipole)
1.00 Offset of current electrodedm survey line
530 Numler of dda points
1 1 for mid-point of array given as-location
1 1 to indicate IP present
Chargeability Type of P data
Msec IP unit
0.1Q01.00 Delay, integration time

2.02.01.0100.79760.9118 For each data point, we ha

402.010102.0548-1.8678 xl ocation, fAao dipole spacin

6.0 20 1.0 104.9487-4.3391 apparent resistivity, apparent IP

8.02.010111.019 -9.0335
€. . Otherdata points

é

53.0 2.0-10.0 109.3857 5.5469 | Last data point

0,0,0,0,0 A few 2ros to endhe file

7.1.3 Topography data for index based format daa files

The topography data is entered immediately afierrhain setion with the gparent reistivity
values. The file GLADOE2.DAT is an example with topographical d&te. ottom setion of ths file
with a description of the format for topographicatalis given irifable8. Note that the topgraphy d&a
is placed imnediatdy after the apparent resistivity data points. The first item is atdlagdicate whether
the file contains topography data. If there is no topographyadés value is 0. Enter 1 or 2 if
topographical data isrpsent. Inthe casewhere the actualhorizontal and vertical coordinates of
topography data points along the synline are given, enterl. Evenif the actual horizontal distances
are given in thetopography data section, you must still use theéistancealong theground suface in
the apparent resistivity data section. The index based always assumes that-thgancesin the main
data ®ction ae surface distances regardless of thalistances ged in the topography section.

In most surveys the distaex of thepoints almg theground suface,and not true horizontal
distances, are actually measured with a tapesimg a cabke with take@uts atregular intervals. In this
case, enter a value off@r the topography data flag. This is followed by the namif toparaphical
data wints.
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It is not necessary to measure the elevation for each electrode. For exarepdataim the
GLADOEZ2.DAT file involves 161 electrodes but only the elevations atp@tits are given. The
maximum number of topographical dataints ya: can haves 4000. For eah daa point, the horizontal
location and the elevation is entered intodbi file. After the lastopograhical data point, the number
of the topographicalata point where the first electrode is located is givethé aboe examplethe first
electode was located at40 meters, which corresponds to the 2nd topographitapdat. Note that the
elevationof the first electrode is required. If this was no¢asured in the field, you can estimate it from
the elevéions of he neighbadng data points In most cases, the first topographical data point corresponds
to the firstelectrode andthe last tpographtal data point corresponds to the last electrodasexample
data file with this arrangement is RATHCRO.DABY tying the first and lag topograpical data points
to the first and last electrodes, this will help to avaidrsin the cata format.

Table8. Example of index basedtddile with topography.

GLADOEZ2.DAT file Comments

237 239.207 Lag four dat poirts

203 214.546 with x-location of the data point, electrode spacing
227 2 31.793 andmeasued appaent resisivity vaues

233 2 30.285

2 Topography data flag. If n@pography data, place 0 here.
26 Number of topography datpoints

-100 33 Horizontal and vetical coordinates of 1st,

-40 34.5 2nd topography data point

-20 35.0 Thisisfollowed bysimilar deaa for

0 35.209 the remaining topography data points

300 33 Last topography data point

2 The topograhy data pint numbe with the firstelectode
0,0,0,0,0 A few zeros to end the file

7.2 General array data for mat

This fedure is tocater fo electrode arrangements that do not fall undeuthel array types or
electrode arrangements, or unusualysvaf carying out he suveys. Thee areprobably an infinite
number of possible electrode configurations thatlimited only by the inagination of the user but in
most cases they are likely te blight variations of the standard arrayigure 7 showsfour possible non
standard configuration®©ne possibility is a nesymmetrical variation of asymmetrcal array, such as
the WenneiSchlumberger or the pole-dipole array Figure 7a,b,d). $ich aconfiguraton cauld arise
from surveys with multchannel resistivity meters where ma@merts are nade with seeral pars of
potential electrodes for a common pair ofrent electrodes. While the program gives the user greater
latitude n the eletrodearangemet) sorre arrays that are technically possible but would have very low
potentia signals shoud be avoied.

a). b).
Cq PR C, C; G R B
| by N T S
c). d).
Cy R G K Cy G R B

' ter S B

Figure 7. Some possible neconventional arrays(a) Nonsymmetrical fowrelectrode Wener
Schlunberger orgradent type d array. (b) Dipoledipole array with dipoles of unequal size. (c) A
possible but probably nonviable electro@d configuration. (d) Highly nesymmetrical dipoledipole
array.
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To accommodate the various possibilities.eaayal aray data fomat where the psitions of all
the four electrodes are listed is used. Xtecation as welas the elevdion of allthe eletrodes used in a
measurement must be given. The MIXED.DAT is an example data file with such a formatisTis
actually a synheticdata setvith amixture of measurements using the Wersehlumberger and dipole
dipole arrays. Theinitial part of this data file with comments about the format is giwveinable 9.

The subarray type indiator s used wha the electrode configuration follows one of the
conventional arrays, for emmle te Wenne&-Schlumbeger arrg. As an example, the file
MIXEDWS.DAT has the datéor a WenneiSchlumberger array only but the informatisrarrangedh a
genegal aray format In this case the sulirray number is 7. The file RATHCMIX.DATT@ble 10) has
the data for the Rathcrogan mounilgddel and Barton, 1996for the Wenner array but in a general
array fornat (thus i hasswb-arraynumberof 1). For these data sets, the apparent resistivity vales can be
disdayedin the form of a psudosegon. Table 10 lists the data format used for this data set. The file
MIXED.DAT is a comined cata set wih meaurements using the Wenrgchlumberger and dipole
dipole array. In thi case thereis no consitent aray type, so the sdarray number is given as 0.

Table 9. Example data file with gera arrayformat.

MIXED.DAT file Conments
Mixed array Name of survey line
1.0 Unit electrode spacing
11 Array type (11 for general aray)
0 Array type, 0 norspecific
Type of measurement (Ogap Header
resistivity,1=resistance)
0 0 to indicate appant resisiity
407 Numbe of datapoints
1 Type of ¥ocation, 1 for true horizontal distance
0 Flag for |.P.data, O for none (1 if pesent)
4 0.00.03.00.01.00.02.00.0 10.158 The format for each data point is :
4 1.00.04.00.02.00.0080.0 10168 Numbe of dectrodesused,
4 2.00.05.00.03.00.04.00.0 10.184 x- and zlocation of C1, C2P1, P2,
4 3.00.06.00.04.00.05.00.0 10.225 Apparent resistivity or resistece value
4 4.00.07.00.05.00.06.00.0 10.337

Samdormat fa othe data ponts

427.00.026.0 0.00 33.0 0.0 34.0 0.0 6.765 | Last data point
0,0,00,0 Ends with a few zers.

Concerning the indicator for the type xiocation, here are two possible values. A value of 1 is
used if thex-location values ae thetrue horiontal distances, while a value of 2 is used if it is the
distance along thergund surface. This is smilar to the convention used for topography data for the
index based format (Section 7.1.3).

In the RATCMIX.DAT file, the topogaphy infomationis incluced asthe elevation for each
electrode in every data line. In some casesnight be more convenientto enterthe topography
information in a separate list, mutike for data in the index based format. One example data in he
generalarrayformat ba with the topography in a separate list after the apparent resistivityidesas
givenin the file RATCMIX_Sep_Topo.DAT. Part of the file is shownTable11. Note the addion of
an extra heder line fiTopogaphy n separate lisi t h a't indicates the topogr
sepaate list after the appaent resstivity data lines. Note also in the data lines, ¢hevation for each
electrode is given as 0.00. The progravill calculate theelevdion for the eletrodes from the
topography information.
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Table10. Examplegeneral anay format file with topography.

RATHCMIX.DAT file

Comments

Rathcrogan Name of survey line

2.0 Unit electrode spaaig

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

Type of measurement (O=app. resistiVityesstance)

Header

0

0 to indcate apparent resistivity

399 Number of data poist
2 Type of ¥ocation, 2 for surface distance
0 Flag for I.P. data, O for rone (Lif presen)

4 -36.0 0.04430.0 0.50334.0 0.13432.0 0.311 116.0

First data point,note non-zero elevation
after xlocation of each electrode.

4-34.00.13428.00.22-32.0 0.311-30.0 0.503 118.0

Second data point

Sane formafor otherdata wints

4 58.0 0.385 94.68.270 70.02.095 82.02.853 1160.0

Second lastlata point

460.0-0.09396.0-3.340 72.02.274 84.02.914 1680.0

Last data poih

0,0,0,0,0

Ends with a few zeros.

Table1ll. Exampe gereral arraydataformat file with topography in a separate section.

RATCMIX Sep Topo.DAfile

Comments

Rathcroga Name @ survey line

2.0 Unit electrode spacing

11 Array type (11 for general array)

1 Sib-array type, 1 for Werer

Type d measurerant (Geapp. | Header

resstivity,1=resistance)

0 0 to indicate apparent resistivity

399 Numbe of data points

2 Typeof xlocation, 2 for surface distance
0 Flag for I.P. dataQ for none (1 if present)

4-36.0 0.0-30.0 0.0-34.0 00-32.0 00 116.0

First daa point, note ron-zero elevation after -x
location of each electrode.

4-34.0 0.0-2800.0-32.0 00-30.0 0.0118.0

Second data point

Same format for other data pus

458.00.094.00.070.00.0 82.00.00.06

Secondast datapoint

4 60.00.09396.0 0.0 72.0 0.0 84.0 0.0 1680.

Last data point

Topography in sepate list

Extra header rguired br general array

2 2 to indicate surface distance

67 Number of topography data points

-36,0.044 Horizontaland verti@al coordimates @ 1st,

-34,0.13 2nd topography data point
This is followed by similar data for

.. theremaining topograjmy datapoints

96/3.34 Last topography data point

1 The bpography data point number with the fil
electrode

0,00,0,0 Endswith a fev zerc.
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The measuement can be given in terms of resistance or apparent resistivityerdf is no
topography, ie. the zlocations are all equal to zero or the same, timveational formula can be used to
calculate the apparerggistivity. The georatricfactorkis given by the following equation

k=2p/[ (L/r1) - (Lr2) - (Lrs) + (Lhrs) ] (7.2)

wherer; is the didance between the C1 and P1 electrodess the distance between the C1 and P2
electrodests is the distance beken the @ ard P1electrales ad r4 is the distance between the C2 and
P2 electrodes. In the case wtthareis no topographythe disancebetween two electrodes is simply the
differencein thex-locations of the two electrodes.

In the case where topogitay is present there is 0 widdy accepted convention. To be consistent
with the format used earligmyo different conventionare usd degending on the type oflocation given
in the chta file. If thex-locations are given as distances along the sairfae. no true horizontd
distances), the distance between two electrodes is calculated by usthffatemce in the valuesf the
x-locations only.

If the x-locations are true horimtal distances, the default option is that the true distance between
two electodesis used inthe @lculation of the geometric factor. For example, if the C1 and PIalest
arelocated atx;,z1) and(xz,2) respectively, then

ry = (rx2 +r/ )0'5 (7.3)
where Fx=X1-X
lz=21-2

In the case wheréné groundsurface has a costantslope, both conventions will give the same geometric
factor.

To acconmodate a situation wherethe x-locaions are true horizontal distances, but the
geoméric factor was calculated using only theasitions, a couple ofx&ra linesmustbeinsertal in the
data file just after the flag to indicate the type of measuremesghpan in the table bel. A flag value
of 6006 is used t o alidistahces lzetween thendlegtrodeshaee uded to calcudatetthe
geometic factor.

Exampe file Commets
é . Initial part of file is same
é . as in previous examples
11 Array type (11 for general aray)
0 Sb-array type, 1 for Wenner
Type of measurement Ofapp.| Header
resistivity,1=resistance)
0 0 to indicate apparent sistivity
Type of geometic fador (O=Horizontall Extra header for situatio where horizontal
distance,1=Linear distance) distarces areused for the geometric factor
0 0 for horizontal dstance, 1 for linear distance
300 Number of data points
1 Type ofx-location, 1 for true hoiizontd distances
0 Flag for I.P. data, O for none
€. Rest of file followsiormal format
é

Note that h the general array data format, thivcation is he elevation of the electrode which is
positive in the upwards dirdon. Thisunfortunately s different from the format for the borehole data set
where thez-values argoositivein the downwardslirection.
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Figure 8 shows an interesting arrangement where the electrodes argeatisuchhat hetrue
horizontal distances between adjacent electrodes are constant. When thef sheggraund surface is
not consant, this result in an arrangement where the digtdoatween adjacent electrodes as measured
along the ground surfacs ot contant kut dependn the slope. In areas where the slope is steeper, the
distance between adjnt dectrodes along thgroundsurface is greater. To accommodate such an
arrangemset, the general array format can be used. In this case, the indarattoetype d x-location
mug be 1 since the true horizontal distances are given in the dataoftémthe survey is caied out
with one of the conventional arrays, such as then®eBichlumberger, so the appropriate-sutay
number should also l@gven.

Figure 8. Arrangement of the electrodes along a survey line suaththle true horizontal ditance
between adjacent electrodes is constant regardlesheotlope of the ground surface. Note that the
distance between adjent eletodesalong thegrourd surface is greater at the steeper part of the slope.

In some caseshé 2-D data set is genetad froma series of collinear-D sounding lines. In such
a situation, the distance between adjacent electrodes is not congtetheras meaued alomy the
surface or in the true horizontal direction. For such a case, thedgamay format (with a sb-arraytype
of 0) can be used.

For data sets with a st#ray type of 0, the data cannot be displayed in the form of a
pseudosction, no canit editedwith the "Exterminate bad data points" option. To remove bad data
points fromthe dita set, you needot first carry out an inversion of the entire data set. H@®veyou
should use the "Robust data constrain” (see section 1102ehsurehat kad data pints do not have a
large effect on the inversion results. Next, go to thesplay" window and read irthe file with the
inversion results. Select the "RMS errstatistics” sukpption under the "Edit data" menu (section
14.4.1).This will display a histogam wtere the data points are grouped according to the difference
between themeasued and calculatecapparentresistivity values. This allows you to remove thatad
points where a large difference occurs, for example more th@pd@entAfter removingthe nasier
data points, save the trimmed data set in a file and carry @utvérsion again with te trimmed data
set.

The multiple gradient array is becomipgpular with multichannel systems (Dahlin and Zhou
2006). The datéor the gadientarray mus be gven in the general array format withsab-array number
of 15. A listing of the example GRADIEN.DAT file with comments about the format is given in Table
12.
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Table12. Example gradient array détke.

GRADENT.DAT file Comments
Gradient array Name of survey line
1.0 Unit electrode spacing
11 Array type (11 for generahrray)
15 Sib-array type, 1 for Wenner
Type of measuremeén  (O=app.| Header
resistivity,1=resistance)
0 0 to indicate apparermesistivty
1792 Numberof dai points
1 Type of ¥ocation, 2 for surface distance
0 Flag for I.P.data, O for none

4 00,0.0 90,0.0 1.0,0.0 2.0,0.0 5.0588 | First data point

4 1.0,0.010.0,0.02.0,0.0 3.0,0.0 5.0724 Second data point

Same fanat for other data padnts

4 46.0,0.0 118.0,0.0 78.0,0.0 86.0,( Second lastata paint

4.2571

4 48.0,0.0 12@,0.0 &.0,0.0 88.0,0.( Last data point
4.2258

0,0,0,0,0 Ends with a few zeros.

7.3 Remote electrodes of the polpole and pole-dipole arrays

In theory, the polepole array has only 2 electrodes, the positive current ettec€@ and the
positive paential electrode P1. In practice, such an array does niet since all field measurements are
made using an array with 4 elestles Figure9).

c2

tp2
Figure 9. A schemaic diagram of the mangemet of the electrodes in an actual field pplele
measurement.

To minimize the effects of the C2 and P2 electrodess igenerall recanmended tht the
distance of these two electrodes from the C1 and P1 electrodes Ishatilebst 10 times (angreferdoly
20 times) the maximum GR1 spacing:. In somecases, when large spacings between the C1 and P1
electrodes are usethis regiiremeant is notmet fa all measurements. This could lead to distortions in the
inversion modl (Robian et al. 1997)To overome this problem, the RES2DIN®4 program allows the
user to incorporate the effects of the C2 and P2 electrodesiitvérsion.

To cdculate the appeent resistivity value measured with the fideal polepole array, two
possble geometric factrs can le ugd. One method is to use the same equationeagléfal polepole
array. This gives an approximate geometric fastoce thereaulting apparat resstivity value is not the
same as the true resistivity for a homogesdwlf-space. Alternativly, the exad geometric factor that
takes into account theopitions of the C2 and P2 electrodes can be used.
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Approximate Geomteic facta (ideal pole-pde armay) =2.0.r1
Exact Geometric factor 2 p/ [ (1/r1) - (1/r2) - (L/r3) + (1/ra) ] (7.4)

The programsugports both conventions. A possible arrangeménh® electrodes in a pojale
survey is shown ifrigurel10. In this case, the C2 and P2 electrodes are fixed throughout vieg.Stire
measurements amaade byusing different pairs of electrodes along the syriire as the C1 and P1
electrodes. For a survey line witrelectrales, therere n(n+1)/2 possiblecombinations. For example, if
there are 25 electrodes in the surve,lthere are 300 possikl combimtions. In practice, not all the
possible measuremenare made. Instead a maximum distance between the C1 and Ridetedrse
depending on he maxmum depth of investigation needed (Edwards 1977). In many casanafiisum
distance is 6 tdlO timesthe unit electrode spacing along the survey line. avoid the possibility of
negative or zero apparent resistivity wes, the tane of the @ andP2 electrodes must be at least 3
times the maximum C1 to P1 spacingdigeor example, if the uit electodespacing is 1 meter, and the
maximum C1P1 spaaig is 10 meters, then the C2 and P2 electrodes must be at leaste8 fnronthe
survey line Notethat as the distance of the C2 and P2 electrodes from the surveledieeses, the
effectivemaximumdeph of investigation of the survey also decrealtanight be significantly less than
the depth of investigation faehe idealpole-pole array(Edwads 1977).

(22, yc2)
2

Survey Line

P2
(xp2 , yp2)
Figurel0. A schematic diagrant thearrangement of thelectroas dong the survey line in a poleole

survey withpositions of the C2 and P2 electrodes specified.

The file POLPOLFXDAT is an example data filke with pole-pole measurements where the
locations of the C2 and P2 remoteatledes are specified. Adescripion of the format used is given in
Table 13. Although thezlocations of the lectrodesare also includal in the file data format for
completeness, the values are presently not bgdtle program. The progm at peseit estimates the
heights at the remote electradfrfom the heights of the electrodes along the survey line. Howiever,
future they might be used ® accommodate extreme cases where slope of the ground at the remote
electrodesis very differenfrom that dong the survey line.

The data format is the 158 as that for normal peleole surveys except for the section (aftee
array number) which contans information about the location of the second current and potential
electrodes. The data linéh E x aeome 1IGi ¢ f act or wusedoO ipparent segistivityt o i n
values in the data file were calculated useddkact gemetic factor. f the approximate geometric
factor was used, this data line should be giverfiapproximate Geometridactor s e .dTde file
POLDPLFA.DAT is an example data fil®r a poledipole survey where the approximate geometric
factor wasused in ckulating the ajparentresistivity values. Note that in this file, only the location of the
second current electrode £is given.

For the polepole array, the effect of the C2eetrode is approximately proportional to the ratio
of the C1P1 disance to tk C2-P1 distance If the effects of the C2 and P2 electrodes are not taken into
account, thalistance of these electres fromthe survey line must be at least 20 times the Isr@&:P1
spacing used to ensure that the error is less than 5%rJeys whee the inter-electrodespacing along
the survey line is more than a few meters, there miglptddical problems inifhding suitable locations
for the C2 and P2 electrodes tdisiy this requirement. Thus, the error in neglecting the effectbeof
remok dectrodes iggreatast for the polepole array. As a general guide, if the distances oCthand P2
electrodes frm the suvey line are more than 20 times the largestRI1$acing used, the array can be
treated as an ideal pepmwle array fo interpreation purposesOthemise, the coordinates of the C2 and
P2 electrodes should be recordedtisat their effects can b deternme by this program. However, it
should be noted thas the distance of the P2 electrode from the survey line incrélsdsluric noise
picked up lty the P1P2 pair also increases. This factor should also be takenagstuunt when

positioningthe P2 &ectrode.
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For the poledipole array, the effect ohé C2 electrode is approximately proportional to the
squareof ratio of the CtP1distance tothe C2P1 distance (Loke 2018). Thus, the pdipole array is
less affectedby the C2 remote electrogl If the distance of the C2 electrode is more than 5 tithes
largest C1P1 distance used, the error caused by neglectingffibet ofthe C2 electrodeis less than 5%
(the exact error also depends on the location of the P2aeletor the particulameasurerant). So, as a
general guide, if the distance of €zctrode from the survey line is more than 5 times the largeB1C1
spacing,it can be treatd asan ideal poledipole array. Otherwise, enter the coordinates of the C2
electrode into the dataife. Forthe pole-dipole array, only the header and coortiisaof the C2 electrode
is required in the data file.

Tablel3. Polepoledata file with remote electrodes specified.

POLPOLFX.DAT file Comments

Blocks Model Name of surey line

2.0 Unit electrode spacing

2 Array type (2 for ple-pole)

Remote electrodes included Header to indicate position okmote etctrodesincluded in data
file

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

location

-50.000,20.00,0.0 X-, ¥- and zlocation of C2 electrode

P2 remote elgmde X, Y and Z Header for P2 electrode location.

location

120.0000.000,0.0 X-, - and zlocationof P2 electrode

Exact Geometric factor used | Type of geometric factaised

295 Number of datgoints

1 1indicates center of array is given

0 Oforno P

1.00 200 10.13 x-location, electrode spacing apparaesistiviy for 1st datapoint

3.00 2.00 10.18 Second data point

. The rest follows statard index based
format.
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7.4 Cross-borehole data format

The resolution belectrical surveys carried out with electrodes on the groundceudiecreass
exporentially with depth. One method to obtain reasonably good resolution at depth isskoggm
measurements withhe eleatodes in boreholes. Crodsorehole surveys are mutdss frequently carried
out compared to surface based surveys, dikeusurface suwveys, thee areat present no common
standards with regards to the arrangement of léetredes. The crossorehole opton in this program is
intended for shallow surveysith the arrangement of the electrodes placed in a certain gemattexinp
(Sasak 1992). Thebasicarrangement of the electrodes is shown inRigaire 11. The RES2D0NVXx64
programs support up to 100 boreholes.
a).

Surface electrodes b). Surface electrodes

Borehole 1 Borehole 2 Borehole 1 Borehole 2

¢ Electrode [ ] Model Block

Figure 11. Arrangement of the electrodes ancrossborehole survey.(a) The default standard model
where the dimensions of the model blocks aggaeto the spacing betvemn the &ectrodes. (b) An
alternative model with finer bloskwith dimensions about half the spacing between the electrodes.

The electrode ae divided irto 2 sts with (i) the surface electrodes, (ii) electrodes in the
boreholeslt is assumed that the treholesdo rot have a metal casing which would severelyrahe
pattern of the current flow. The program divides the subsairifao a mimber of quadribteralblocks
(Figure 11). Note thathe positions of the stface anl baehole electrodes control the manner in which
the subsurface is divided into the model blocks. The file BOREDIFF.3A8n exanple data file with
crossborehole measurements. A description of the format used is givEabie 14. Note that in his
exanple, the measurements are made with thepgbelearray where only the C1, P1 and P2 electrodes
are used. It is assumhéhe borbolesare verti@al. Thus, the xlocations of all the electrodes in the same
borehole are thesame in Table 14. The array number is 12 fa@rossborehole survey data with the
measurements given as appareasistivty values. You @n al® enter the data as resistance
measurements, in which case the arraylveu is 13. This might banore cawverient as most resistivity
meters give the readisgas a resistance value in ohm, and furthermore the geometric ftactorays
with subsurfae elet¢rodes is different from the geometric factor for conventional sudaegs The file
BORERESDAT gives an example where the measurements are given dastaiese values. An
interesting field data set where the pplade aray was ued, and the measremens are also given as
resistance values, is BORELUND.DAT from Lund Unirgy, Sweden.

If only two electpdesare used in a measurement, only xh@ndz-locations of the C1 and P1
electrodes are given in the data file (see file BOREHIP.DAT which alsocontains IP measurements).
However, if all four electrodes are useds ¥k and z-locations of he C1, @, PL and P2 electrodes must
be given in this ordefYou can combine measurements made with different numbers of deexirothe
sanedaa file.

Whenthe program reads in a file with resistance values, you have a clioioexting the data
setusing apparent resistivity values, or directly use the rémige values. Using resistance values directly
in the inversion hathe advardgeof alowing you touse readings where the apparent resistivity value
does not exist (dum aninfinite geometridactor). After reading in a data file, the program will adyet
to filter out suspicious readings with potentially high noiseele if the measirements e given as
apparent resistivity values, or if you had chosen the optiorsgcapparent resistivity \alues inthe
inversion. If you choose to carry out the irsien using resistance values, the readings are not filtered.

The gemetric fador for subsurfae eletrodes is different from that used for surface electrodes.
As an examie, the geometric factofor a mesuement where only two electrodes are used i®lkAfs.
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If the C1 and P1 electrodes are locatedxatf and &,z) respetively, the georetric factork is then
given by

k=4p/[ (L) + @9 ] (7.5)
where

ri=@d3¢+dA, dx=x17 X, dz=z+2

r°= (dx* + DA)°5 Dz=z + 2

Similar equations for measurements with 3 or 4 electrodasbeaeasy obtaned by ading the
appropriate terms.

The depth of the electrodes in Borehole 1 cardiferent from the corregondingelectrodes in
Borehole 2. In practice, to getettbest results the depths should not differ too muthis program
requies that lhe nunber of electrodes in both boreholes mubt the same. In practice, this restriction is
not a significant problem You can be easily overcome this restriction by insgyttbmmy electrodes into
the data set if the number of electrodes in lboreholeis less (in thesection where the- andz-location
of the electrodes in the borehole areegjv

The program also ragjres that a surface electrode is located at the tolpotfi boreholes. If they
do not physically exist, just insert dummy efedes atlie appopriate bcatims in the data file. Also
there should be at least a few surface sddesbetween the two baholesas well as at least two surface
electrodes to thleft of borehole 1, and another two to the right of borehole 2. H slectroés wee not
usedin the field survey, just ingedummy electrodes into the data file to sfgtihe requirements oftis
progam.

By default, the program will subdivide thmutsurface into quadrilateral blocks such that the
dimensions of the btks are gual b the spaing baween the electrodefigurella). However, you can
also choos to use a model where the dimensions of thekislare about half the spacing between the
electrodes Kigure 11b). Using the model wit a finer discretization could significantlyprove the
inversion reslis in sme cases (Sasaki 1992). Please refer to set1i8rl0 to set the type of borehole
model to use. In theory, it is pdse to futher subdivide the sibsurface into even smalldlocks.
However, since the resolution of eiieéca measurements desases naidly with distance from the
measuring electrode this is unlikely to significantly improve the results. In fact, iukbresultin
unnaural ogillations in the model resisity values, particularly near the electrod€kis is as a result of
the welltknown tradeoff between model resolution and nebdariance in geophysical inversion.

Figure12 shows tle modéobtained after the invsion of the BOREHOLE.DAT data set. This is
asynthetic data set prodwr by aforward modeling program with a high resistivithock in between the
two boreholes. The option to use finer blocks \ki#f thesize d the spaing beween the electrodes was
used in the inversion of this data set. Figl@eshows the inversion @sults fom an interesting field data
set. This data sét one from a number that were collected by a survey to study thesflfluids throuch
the UK (halk aguifer in east Yorkshirdy using a saline tracer (Slater et al. 199hereis a low
resistivty zone near the surface where the saline solution wdgated onto the ground, and also
prominent low resistivity zones below depth & 7 mders due ¢ the saline tracer that hadofived
downwards. Another interesting featurethif data set is that nsurfaceelectrodes were used. All the
surface electrodegiven in the BORELANC.DAT data file are dummy electrodes; two to éfedf
boreholel and andter two to the right of borehel 2.

If I.P. measurements were also made, yeedto enter a value ol at tre 6th line in the data
file, and two more datairles after that which gives the type of IP measurement used and the two
parameterasso@ted with it (see section 7.5). Next, & the I.P. value after the apparent resistiv
value for each data @nt. The file BOREHIP.DAT is an example crebsreholedata file with IP
measurements.

The file boreholes_inclined.dat gives example ©the data forma with non-vertical boreholes
(Table 15). Note the additiorof an adi i t i on al header | i né& s§bheforetheé ned
section with the positions of the boreholes to in@i¢hat norvertica borehdes ae present. For inclined
boreholes, the subdivision of the subsurfade modal blocks is no loger tieddirectly to the positions
of the electrodes. Yo can also use this format for vertical boreholes are where the condiggo
eledrodesat different baeholes are at differemtepths. This avoids inclined or skewed modeicks
when there are sigficant differences in the borehole electrodes depths.
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Pole-dipole borehole test

Iteration 5 RHS error = 8.4 %

Depth 4 g 5.8 8.0 12.8 .
a.a a.a
1.8 1.8
2.5 2.5
3.5 3.5
c.a 5.8
6.5 6.5
7.5 7.5
o.a o.a

18.% 18.%
11.5% 11.5%
Hodel resistivity section

[ [ [ e [T [ [ [ (e N N
aa.a 141 288 283 Laa Lhb

Resistivity in ohm.m

U'II
=

EI
--JI
=

-.JI
AI

Unit electrode spacing 1.8 H.

Figure12. The model obtained after the ingiem of the BOREHOLE.DAT data s& The option to use
finer blocks with half the size of the spacingwetn the electrodes wassed.

Lancaster cross-borehole survey

5aline tracer
injection

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

10.25 10.25
11.75 11.75
13.25 13.25
14.75 14.75

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

5.4 50.0 0.7 100.0 141 200 283
Hesistivity in ohm.m
lteration 4 BMS error = 4.8 % Unit electrode spacing 0.75 M.

Figure13. Model obtaied ffom the inversion of data from a crdssrehole survey to map theW of a
sdine tracer. Noe thelow resistivity zones neahe surface (where the tracer was injected)bdow a
depth of 7 meers. The locations of the borehole electrodes are shmysmall black dots.

h.0
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Table14. Example borehel data set

BORBDIFF.DAT file

Comments

Borehole electrogks at different

Name of survey line

depths
1.0 Unit electrode spacing
12 Array number 12 for crossorehole survey
840 Numler of data points
2 2 to indicate XZ location format is used
0 0 forno I.P.
SufaceElectrodes Heackr for surface electrodes
16 Number of surface electrodes
0.0, 0.0 x- and zlocation of firstsurfaceelectrode
1.0,0.0 Location of second surfacéeetrode
Note 0.0 z value for surface electrode
Similar format br other sirfaceelectrodes
15.0, 0.0 Last surfaceelectrode
Number of boreholes Header
2 Twoborehdesin this data st
Borelple 1 Electrodes Header for first borehole
10 Numbe of electrodes in first borehole
4.0,1.0 x- and zlocation of fiist electrale
40,2.0 x- and zlocation of second elecde
4.0,3.0 Note electrodes are listed fratme topmost
below thesurfacedownwards
Similar format for other boreholelectrodes
4.0, 10.0 Last electrode in first borehole
Borehole ZElectrode Heacker for seond baehole
10 Number of eletodes in second borehole
11.0, 1.5 x- and zlocation of first electrale
11.02.5 x- and zlocation of second electrode
.. Similar format for other borehole electrodes
11.0, 10.5 Last electode in seond baehole
Measureddata Header for sectiomvith the measurements
3 0.0 0.0 1.0 0.0 @.0.0| The fomat foreach data point is-:
101.5718
3 0.0 00 2.0 0.0 3.0.0| Number of electrodes used in measurement,
99.5150
3 0.0 0.0 3.00.0 4.0 00| x-and zlocation of C1, C2, P1,P
99.2303
3 0.0 0.0 4.0 0.0 5.0 0f eledrodes apparent resistiity value.
99.1325

Same format for other data points

3 11.0 11.0 11.0 3.5 11.0 2.1
120.8297

Last data point

0,0,0,0

End with a w zeos
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Table 15. Example data set with inclined boreholes.

boreholes inclined.datife

Comnent

Example bipolebipole configurations

Title

4.0

Unit electrode spacing

12 Array number for borehole survey
2555 Number of @ta pants

2 2 to indcate XZ location formatised

0 0 for o I.P.

Surface Electrodes Heade

26 Number of surface lectrodes

0.0, 0.0 X, z location of 1st surface eleati®
4.0,0.0 X, z location of 2nd surface electrode
100.0, 00 Last suface dectrode

Inclined boreholes present

Extra header to indicate inclined borehles

Numberof boreholes

Header

2 Two boreloles present
Borehole 1 Electrodes Header for rst borehole
20 Number of electrodes in first borehole
20.0, 4.0 X, Z locationof 1¢ electrodk in orehole 1
20.0, 8.0 X, zlocation of 2nd electrode in borehole 1
Same format for otherborehok electrodes
20.0, 80.0 Last electodein first borehole
Borehole 1 Electrodes Header for second borehole
20 Numberof eledrodes h borehole
80.0, 4.0 First electrode in second borehole
80.0, 8.0 Second electroden secondorehole
80.0, 12.0
80.0, 16.0
80.0, 20.0
80.0, 24.0
80.5, 28.4 Note xlocation is diferert, nonvettical
80.0, 32.0
Other borehole electrodes
80.0, 800 Last electrode isecondborehole

Measured Data

Header for start of app@ntresistivity data

4 4.0,0.0 0.0,0.0 8.0,0.0 12.0, 0.01.6895

First dativalue

Format is the same as before
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The file BOREHOLE_TOPO.DAT is a field exauhe of acrossborehole dta setwith topography. The
initial part of this dataie with a description of the format is givenTiable 16.

Table 16. Example borehole data set with topodmap

BOREHOLE_TOPO.DATile

Commenh

BOREHOLE WITH | Name of survey line

TOPOGRAPHY

1.0 Unit electrode spacing

12 Array number 12 for croskorehole survg
570 Nunber ofdata poirts

2 2 to indicate XZ locatioformat used

0 0 forol.P.

Topography Presg Header to indicate topgraphyis present
Topography information mod Header

(O=wrt o suface electrodes)

0

Indicates depths of borehole electrodee givenwith regect to
the suface electrode at the poof the borehole

Type of xdistances Header
2 2 toindicate xdistances arealong the surface
SurfaceElectrodes Header
31 Number of surface electrodes
-14.0000 0.00 X, z location of 1st sumte electode
-13.0000 003 X, z location of 2nd surfacelectrode
-12.0000 0.05 Note norzero z vlue

Same formator othe electrodes
16.0000 0.95 Last surface @ctrode
Borehole 1 electrodes Header for first borehole
17 Number of kctrodesin borehole

-14.0000 1.0000 X, z location oflst electrode in borehole 1

-14.0000 2.0000 X, Z location of 2nd eletrtode inborehole 1

Rest of the file follows the wUformat

for a crossborehole data file

Note that the topographinformation is gven in the z-coordinates of the surfacelectrodes. The file
BOREHOLE_Global.dat is amxamge where the true ro GPS cordinates (section 7.11) of the
electrodes on thsuface are also available.

7.5 |.P. data format
The data collectedrom I.P. (Induced Polariation) surveys consists of tweets, the normal
apparent resistivity measuremts and an apparent |.P.data. The files IPMODEL.DAT,

IPMAGUSI.DAT, IPSHAN.DAT axd IPKENN.DAT are example data files with both resistivity and I.P.
data This pra@ram sipports faur different types of I.P. daté) time domain chargeability measurements,
(i) frequency domain peent frequency effect measurements, (iii) phase anglasmements and (iv)
metal factor I.P. values.

The file IPMODEL.DAT haghe I.P. éta aschargeality values using the index bed format
for the positions of the electrodefhe first part of the fie with comments is listed ifable17. A value
of nlo, i nst ea dthedixh lindxmdindicdie thd | € ndataeis peedenthimis followed by
3 data lines that give infmation about the naturef the LP. data. The seventh line with the word
'Chargeability’ shows that the |.P. data is given in terms of chargeabilitynyMiaP. irstruments
measued thechargeability be integtag the area under the I.P. decay curvehia ¢ase, the unit is in
msec (mliisecond). The chargeability value obtained thys method is normally calibrated to the
Newmont Mazsy) Standard (Summel976) sahatthe chargability value in msec has tharme numerical
value as the chargeability givan mV/V. The chargeabty in mV/V is defined as the ratio of the
secondary voligeimmediately after the current is cut off to the primary DC voltage.
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Tablel7. Example data file wht I.P. values as chargeability.

IPMODEL.DATfile Comments
Fault and bbck modé Name of survey line
1.0 Unit electrode spacag
3 Array type (3 for dipolaipole)
432 Number of data points
1 1 indicates enterof array is given
1 1 to indicate IP preent
Chargeability Type of I.P. data
msec. I.P. unit
0.1,1.0 Delay,integraion time
1.50 1.00 1 12.04 7.2038 1st datapoint : - x-loc., a, n, app. res., app. IP
250 1.00 1 12.03 7.1983 2nd datapoint
Same fomat for other data poirst

I.P. surveys have traditionally beered in the mineral explation industry, particularly for
metal sulfides, whergeneators producing high currents of the order of 10 Amperes are Uibed.
apparat |.P. values fom swch surveys are usually de than 100 msec. (or mV/V). One recent
develpment is the addition ofIP capality to battery based systems used in engimgerand
environmental surveys where currents of 1 Ampere or less arealyprosed. An acompanying
phenanenon is the observati@f I.P. values of over 1000 msec. (or lessty000 msec.) in some da
sets.Such values are almost certainly caused byendis to a very weak |.P. signal. To check whether
such high I.P. valueare realfirst check theappaent resistivity pseudosggon. If it shows unusually
high and low valugthatvary in an erratiomannerthe data is noisy. If the apparent resistivigfues are
noisy, then the apparent |.P. values are almost certainlgliaiie. Next cred the aparent!.P.
pseudosection. Ihe apparent I.P. values show an erratic paffeequently with anomabus vales lined
up diagonally with an apex at a doubtilectrode), then the I.P. values are too noisy to be interpretable.

I.P. valueghat ae given n othe units are converted imtchargeability values internally by the
program during the inversion pcess.The relevant conversion equations may be founthe papers by
Van Voorhis et al. (1973) and Nelson and Van Voorhi§g 8 9For fequerty domainmeasuements, the
I.P. value isusually given in Percent Frequency Effect @PH hisis given as

PFE =10 (foc-rac) /T ac (7.6)

wherer pc andr ac are the apparent resistivity values measured at low and high feeegieimhefile
IPSHAN.DAT is anexample of a frequency dwin |.P. data set. In the seventh line, §ip=of I.P. data
is gvenas d@d®retr Frequency Eff ec th®te valuesof the lbw addahiga | i n
frequencies used in the measuremerttisTdata st is from a fidd suwvey in Burma where the
measurements were made with 20 and 40 meted@ifBdwards 1977). Likenany fidd data sets, it has
a very complex distributioof the data points in the pseudosection. The survey target is a geleosit
in metasaliments.The geology is rather complewith massive galena deposits together withrgua
veins, silicified mables andclay zones. There is a very wide range of testy values.
I.P. values are also given as phase angles. In thistlcasenit ormally used ismilli -radians
(mrad). An examg@ of an |.P. data set with phase angles isrgin the file IPKENN.DAT with values
from the paper by Hallof (1990). Inthe eewhl i ne, t he type of | .P. data t
The seond paramer in the ninthdataline contains the valuesf the frequency at which the phase
angles wez measired. The first paameter $ not used and is normally set to 0. Many moddtnsurvey
instruments can measure the phase angle for several fosegien his cae the irversio of is repeated
for the phase angle data at each frequency. Thisgii an idea of the chamgof thesubsurface I.P.
phase angle with frequency foomgdex resistivity studies.
I.P. data is sometimes given as a metaioila@MF) value.The MF valie canbe calculated from
eithe time domain or frequency domain measuremdntshe time domain, thenetal f&ctor is value is
given by
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MF = 1000 M /r pc (7.7)

where the chargeability M is given in terms of millisecaiWitherly and Wselaar 190). In the
frequency domaintis given as

MF = 100000 (DC - rAc) /Tac 2 (7.8)

The file IPMAGUSI.DAT is from a survey over the Magusi River dredy (Edwards 1977) where the
survey was conducted with 30.5 meter (1€€t), 610 mete (200 fed) and91.4 meter (300 feet) poles.
Again, the resulting pseudosection hmsery complex distributon of the data points. The measured
apparent resistivityand I.P. pseudosections, together with the model sections obtaineshana in
Figure14. The ore body shows up as a distinct legistivity body with highlP values near the middle
of the survey line in the medl ctions. In the inversion of this data set, the robust inversiomdtrh)
metod wa used (se sedbn 11.2.1) to sharpeneatboundary between the ore body and the sodiog
rocks. This progranuses tie complex resistivity method (Kennet al. 2000) for the inversion of I.P.
data.

The inversion program tries to minimizke diffeencebeween tle obseved and calculated
equivalent apparent chargeability values. IP valuepercent frequency effct andphase angles are
directly proportional to the edyvalent chargeability values. However, the metal factor value alsdvies/o
a resstivity value. The malel that gives a minimurRMS error for the chargeability values somesim
does not give a minimm RMS eror for the metal factor values. However, theuateffect on the
inversion model is usually very small.

The file IPGENERALS8.DAT is anexample IP. dah file using the generalray data format. The
I.P. data parameterseasgiso given just beforeghe maindata section with the apparent resistivity &fd
values.

a). Measured apparent resistivity pseudosection
Ps.Z

-457.2 -335.3 -213.4 -91.4 30.5 152.4 274.3 396.2 n.
h h L L ! L I
12.7
———
58.6
88.9 t
111.6 e ——

Heasured Apparent Resistivity Pseudosection
b). Model resistivity section
Depth Iteration 6 Abs. error = 14.3 %
-457.2 -335.3 -213.4 -91.4 30.5 152.4 274.3 396.2 m.
I ! I I I h I

6.34

34.3
68.1

87.6
109.1

132.6

Inverse Hodel Resistivity Section
I I N N (R [ (N DN (T ] (N [T (N N N N
5.88 10.8 23.2 58.8 1608 232 1L 1877
Resistivity in ohm.m Unit electrode spacing is 38.5 n.

c). Measured apparent IP pseudosection

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

12.7
29.3

58.6

88.0

111.6
Heasured Metal Factor
d). Model IP section
Depth Iteration 6 Abs. error = 8.2
-457.2 -335.3 -213.4 -01.4 38.5 152.4 274.3 396.2 n.
! I ! L h .

6.34

34.3
68.1

87.6
169.1

132.6
Inverse Model Metal Factor Section

I N D (N [ [N (T N [ [ (R [ N N N
6.80 30.0 108 210 360 Lyt 780 1058
HMetal Factor in 8.861 ms/ohm.m Unit electrode spacing is 36.5 m.

Figure14. Magusi River ore kay resistvity and I.P setions. (a) Apparent resistiwt pseudosection, (b)
resistivity model sectigr(c) apparent metal fadr pseudsection and (d) metal factor model section.
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7.6 Time-lapse data files

In studying the changes of the subsurface ie#istwith time, two-dimersional resistivity
imaging sureys are often repeated over the same linéfrent times. Such studs incude the flow of
water through the vadose zonéaoges in the water table due to water extraction (Barker and Moore
1998, flow of chemcd pollutants ad leakage from dams.

The file TIMELAPS.DAT is an example data file thithree sets of apparemesistvity data. The
upper part of the file togetherithh comments about the data format is listed in Table 18. The datatforma
is largdy similar to the nornal data set with only onget of readings. For a timapse data filethe man
difference is tk extrasection just before the data block with the apparesistivity values. Here the
header "Time sequence data" is usethtlicatethe pesence othe «tra data sets correspang to the
later time measurements. The foliowy part of this extra setion catains information on the number of
time seriesmeasirements (3 in this example). The maximum number of time serieselatalloved is
21 (30 fao RESDINVX64 with 16GB RAM). For each data point, the format for the initi@rt is
identical to thauused or the normal data sets. The only addition & tfter the apparent resistivity value
for the first data set, the cespondingapparet resistvity values for the later timéata sets are given.

Table18. Example timeapse dataet with 3 time series.

TIMELAPS.DAT file Commat
Example timelapse data Title
1.0 Unit electrode spacing
7 Array type, WenneSchunberger n thisexample
350 Number of dta points
1 Mid-point of xlocation of arrayis given
0 No I.P. data
Time fquence data Header to indicate tinapse data
Number of time sections Header
3 Number of time series
Time unit Header
Hours Unit used in time meaurement
Second time séion interval Header
1.0 Time difference fogecondtime data set

Third time section interval Header

2.0 Time difference fothird time data set

1.50 1.00 1.0 11.868 11.8¢ The format foeach daim pontis as bllows:
11.868

250 1.00 1.0 11.8671.867| x-location, "a" electrode spawng, "n" factor,
11.867

3.50 100 1.0 1.863 11.863 apparent resistivity for fst cata set, apparent
11.863

450 1.00 1.0 11.859 11.84 resistivity br seconddata t,

11.860

5.50 1.001.0 11.855 11.85¢ apparent resistivity for third data set.
11.856

6.50 1.00 1.0 11.851 11.85]

11.851

Same format for other data points

If a measuement was missing from a time series, enter 0.0 as the valueagfgaeent esistivity
for that paticular time series. Thprogram will assume that a zero value is @gidaion of a missing
data point

Copyright 2022, Seequent



29

7.7 Incorporating data noise estimates

Sone types of resistivity surveying instruments record an estimate oatidom nois for each
measwvement This is usually made bgepeating the same measurement several tifftes.cbta error
estimates thencalculated from the standard deviation in thediegs. This actually gives a measure of
the repeatability in the readis, i.ethe random noise Notethat this data error estate does not include
sources of systematigrers such as coupling bgveen tle cables. A better method to estimate the data
erroris by using reciprocal measurements.

To include the data error @stte in adatafile, theerror values are entered aftdre apparent
resistivity value. The file MODEBS5_N.DAT is an example o datdfile from a surface survey with the
error valuesPat of the file is shown irmable 19 with an explanaibn of the changes needed. Nabere
are two new additions in the data fotm@irstly, just before e secton of the file with the measured
apparentresistity data points, there ar e 3teferxdaampragrnl d niess
headerto indicate that the datfile contains the data error estimates. $wend new line is a heaelr to
explain the use of the next line. The third lirentans a flag to indicate to the program the units used in
the error emate. Atpresat, use avalueo f 6 06 t o hdenda valuehasthe tsdme tinitstas the
datavalue. For example, if te measwments are given as ohm.m, then the error vatues also be in
ohm.m. Measurements in most instruments are givensistaiece &lues(i.e. ohm) or wltage plus
current valus which can be converted to resistance valliesaculate the apparemesisivity value, the
resistance value is multipliedy a geometric factor. The error value recorded by the instrument is
probably in he fom of a resstan@ (ohm) value. Thus, therror estimate recorded by the instrument
mustalso be multiplied by tre same gometric factor before it is entered into the Df\le format used
by this program. The file modelip_5%_noise.dat giees exampleof an |.P. dataset wth noise
estimates. Thase of the flag for the unit used by the ewrdue makes it possibldor future versions of
the program to allow the use ather units for the error value, for example the data in ohm.m while the
error in dym. Arother posmility is the error given asggercentage value.

Table19. Example data filavith ndise estimates

MODEL35 N.DAT file Comments
Block Model Title
1.00 Unit electrode spacing
7 Array type, 7 for Wenneéschlumberge
230 Number é datapoints
1 Mid-point of xlocation of array is given
0 No |.P. data
Error estimate for data @sent Header to indicate error values present

Type of eror estimate (O=sam| Header for type of error
unit as data)

0 0 to indcate it is sameunit as chta vaue

1.500 1.000 1.000 10.0145/ x|l oc. , ¢6ad6 ,ampdente, ONnb6 value
0.1434

2.500 1.000 1.000 9.9706| resistivity, data point errovalue
0.1882

3.500 1.000 1.000 10.33f
0.1761

Other data poits followsame dérmat

To invert data with noise &mates, the leastquares equation in (4.1% modified to the
following equabn

(JTWa"™WTIWe™WT +/ F)Dgk =J"Wa"WTg-/ F gk (7.9

where w, is a diagonal weightingnatrix that incorporateshe efect of the data errors. Data points with a

smaller eror are given amgater weight in the invesion pocesslin an ideal situation, the noise estimate
shauld be measured (for examapby reciprocal measurements). Howevarniost fiédd suveys such
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noiseestimates are not measured due to time constraingsichna situatiorthe best option is prolably

touse the O6Robust dat a 2clpso thdt thadffect atlies pntthe data or{tkee c t i ©
inversion moel is minmized. With this option, a linear weight is given to the difference betwden t
measured andalculated apparent redisity values. This makes the inversion result less seasttiv

outliers compared tthe normal leassquares constraint whetiee squaref the differerce betveen the

measured and calculated apparent resistiatyes is used.

7.8 Fixing resistivities

In somecases, the true resistivity of a section of thessutace might be known, faxample
from borehole resistivity measments. Tts pragram allows youto fix the resistivity of up to 1000
sections of the fasurface. The sipe of the section to béixed must be rectangular or triangular. The
data to fix themodel resistivity valuesare entered into the input data file afs¥ction vith the
topografy information.

As an example, part of the example dataM@DELFIX.DAT is listed Table 20. The first item
after thetopography data section tise number of regions where the resisgivs to ke speified. Inthe
example above, 2 regions are specified. If a value sfd@hien (defaultalue), then there aremregiors
where the resistivity is specified by the userxt\éhe shape of the regias given, R for rectangular or T
for triangular. 1 a rectangularregion is specified, then the X and Z coordinates of thelédipand
bottomright corners of the reengle ae given, as shown iRigurel15.

Table 20. Example dta file with fixedregions

MODELFIX.DAT file Comments
25.0 10.0 12.81 Last data pait
0 Topographyflag, 0 for no topograph
2 Nunber if regions to fix, put 0 if none
R Type of firg region, R for rectangula
24,0.7 X and Z coordinates of telft corner ofrectargle
28,23 Coordinates of bottornight corner of rectangle
2.0 Resisivity value of ectangular region
2.0 Damping factor weight
T Type of second region, T for triangul
30,0.0 X and Z coordiates of first corner of triangle
30,3.0 Xand Z coodinatesof secad comer of triangle
45.3.0 Coordinates of third corner dfiangle
10.0 Resistivity value of triagular region
2.5 Damping factor weight
0,0,0 Ends with adw zeros for other options

If a triangular region is chosen, theaxid Z coodinaiesof the 3 verices of the triangle must be
given in an antclockwiseorder. After tle coordinates of the regn to befixed are given, the next data
item is the resistity of the region. Afterhat, the damping factor weight for theistisity of the region
is neededThis parameter allows you control the degree in wthiehnversion gbroutine can change the
resistivty of the region. There is usually some degreenaentainty in resistivityf the region. Borehole
measurements camly give the resstivity of a vay limited zone near the borehole. Thus, it is advisabl
that the progam shaild be allowed (wihin limits) to change the resistivity of the region. If angéng
factor weight of 1.0s used, the resistivity of the regionabowed b chameto thesame &tent as other
regions of the subsurface model. They&arthe dampindactor weight is used, tb smalle is the change
that is allowed in the resistivityf ohe "fixed" region. Norrally, a value of about 1.5 to 2.5 is uséda
relaively large valie isused, for example 10.0, the change in the resistivitheregion wold be very
small during e invesion process. Such a large value should only be ifiseel resistivity and shpe of
the region is accurately known.
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Fixing model resistivities

Data format Rectangular regions

R
Xq,29 {(x1,24)
)(2,22

2.0

(ngzg)

Data format Triangular regions

T
Xq,2q {Xq,24)

X,Zp
Xg3,23

{x3,25)

2.0
(xz,zz)

Figure15. Fixing the resistivity of rectangular and triangutegions of teinversion model.

7.9  Aquatic surveys

@) Single water layer

The possible situatits for aquatic surveysasesh own i n Fi gur e letrodesare onb Ca s e
the surfge oft he ri ver or sea bott omtheawatdr lagecogersalimdedr wat er
regionand theground rises above the water surface at some plagel,as a survey acrossieer. In

6Case 406 t he miedby abarriersech assodamwallsor ldveée, and although the electrodes

on the righ side are belowhe water surface leveljt is known that they are not covered by the water

| ay€ase 6306 i s th thereledrodssdloating gn the ivaterface, sub as m a strearer

pul ed by a boat. 6 Cas e b5roey where thalectrodes areoon a stréaent hi s
suspaded between the surface and the bottom. This pthesslectrodes closer the subbottom which

is being surveyed bug not daggedalong thebottom( as i n 6 Case 106) where it c

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

-

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

B .

Case 5 : Electrodes suspended in water layer

Figurel6. Five possile situations for aquatic surveys.

The information wth the aquatic survey pameters are entered in the data file affter main
section with theappaent resistivity data, topography and fixed regions.
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7.9.1 Underwater surveys

The data formator surweys with electrodes planted on the water bottonbfith cases 1 and 2
are thesame. An example data file is HAT_HEADAD that u®s theindex basd fomat is listed in
Table 21. Note that a flag is includ&alindicate thaaithe normal geometric fetor (asused for a surface
survey) is used to calculate thpparent resistivity vaks. If a value of O is used for this flabe exact
geoméric facta (which includes the thickness of the water layer) mustdeel o calculatéhe goparent
resistivity values.In the HAT_HEAD.DAT file, some of the electrodesabove the wateF{gurel17).
In most sureys, allthe ekctrodes are underwater as in the following LAKELELIA'Dexample Take
22). The program will automatically callzade the thickness of theater layer from the elevation of the
seaor river ottom and the egvatian of the water surface. This format allows for the secsituation
shown in Figure 17 where somof theelectrodes are above the water surface (i.e. omalodry land)
and some othe electrodes underwater. A common situratvherethis accurs is asurvey that crosses a
river. In this case, the program walssume that anleetrode with an elevatia that 5 less than the
elevation of the water surface isdamwater. For the case whasome of the electrodes are above the
water surfacethesuface gemetric factor must be used for calculating the apparendtieity values or
all the data points. e topogaphic modelling is automatically carried out by f@gram when you
invert the data set. The program will automatigaddjust he suface of tre finite-element grid used to
model the subsurface so thatitches the stace o the sediment belo the wder layer. Figure 18
shows the apparent resistivipseudosection and inversionodel for the LAKELELIA.DAT data set
where all theelectodes araindervater. Mobile surveying systems typically produce sulires that are
very long compared to thdepth d investigation of the cable array system used.

Table21. Example data file for aquatic survesth bottom eletrodes.

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

0.0 2.5 20.445599

First data pont

75 2.5167.5B387

Second data point

Same format for otheratia points

25 40 25.202095

Last datapoint

2

Topography flag, surface distance used

50 Number of topography pdis

0.0 2.36 x-location and elevationfdlst topgraphypoint

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

. Same fomat for other topographypoints

775 0.55

80.0 0.00 A few points below wateurface

82.5 0.05

1225 2.51 Last topography point

1 Indicatesfirst electrodeis atfirst topography data point
0 Flag for fixed regionsQ for no fixedregionsin this case
1 Flag to indicate aquatic survey with bottom electrodes
0.18 Resistivity of water layer

0,122.5 Left and right limits of watelayer

1.5 Elevdion of wder suface

1 1 to indicate normal surface geometric factsied
0,0,0,0 Ends with a few zeros for ther optons
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(a) Apparent resistivity pseudosection Hat Head tidal creek survey

(b) Inversion model section
Elevation Iteration 6 Abs. error = 4.9

Wetlands
4o.0

5.0q@.0 20.0 128

-10. 8

-15. 8

-20.8

-z5.0 [N DN (N [N (OO [ [N (T N [T [ ) (R [ DN DN N N L
1 3 [

.2 18. 31.6 108 316 1888 3162
Resistivity in ohm.m

Unit Electrode Spacing = 2.5 m.

Uertical exaggeration in model section display = 1.8 MWater surface elevation is 1.58 meters.
Water resistivity is 8.18 ohm.m

Figurel7. Hat Head land and underwaterrgay. (a) Apparent resistivity pseudoseati(\Wennerarray)
from theHat Head tidal creek survey and (b) the inversion modele to¢ creek beteen the 65 and 95
metersmarks wlere the electrodes are underwater.

LAKE LELIA UNDERWATER SURUEY

26.1 93.6 142 193 211 293 356 413 W67 517 568 619 668 719 i7a 828 871 922 995 10858 m.
h I L 1 I L L I ! L ! I L L L ! I I

o e T e ———

Heasured Apparent Resistivity Pseudosection

Iteration 6 Abs. error = 1.8 %

554

602
——

I N N N (R T ([ D ) ([ N N
a 3 a 56.6 808.8 113 168 226
Resistivity in ohm.m Unit Electrode Spacing = 1.5 m.

Figure18. LakelLelia underwater survey apparent resisfipseudsection and moderesistivity section.
Courtesy of Technos Inc., USA.
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Tabe 22. Underwatesurveydata file in general array format.

LAKELELIA.DAT fie

Comments

LAKE LELIA UN DERWATER SURVEY

Title

1.50 Unit electrodespacing
11 Gereral array type
1 Wenner sufarray

Type of measurement (O=app. resity.1=resistace)

Header

0

0 to indicde appaent resistivity given

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

4 82.37,0.0 91.37,0.85.37,00 88.%7,0.0 43.B7

First 4 data points in general

4 89.55,0.0 98.55,0.0 958.0 95.55,0.36.599

array data formatNote

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

value of 0.0 for electrode

4103.92,0.0112.92,0.0 106.92,0.0 1@00 37.09

elevation asit is listed later.

Similar format for other data

points

4 1050.25,® 1077.25,0.0 1059.25,0.1068.5,0.0 93.072

Last 2 data points

4 1056.35,0.0 10835,0.0 1065.35,0.0 1074.880 95.383

Topography in separate list

Header to indicate elevatbn is given
separately

2 2 to indicate surface-glistances
38 Number of topgraphy data points
26.12 99909 Topography x and z values

1127.7®9909

1 First electrode coicides with first
topography data point

0 Put O hee in dace of usal topography
data

0 0 for no fixed regions

1 1 indicatesunderwater surwe

5800 Resistivity of \ater layer

-2000.00,2000.00 Left and right limits of watelayer

1000.0 Elevation ofwater surface

1 Indicates surface geonmist factor used
for apparent regstivities

0,0,0,0 End with a few zeros

Copyright 2022, Seequent



35

A possiblesituation wherdghe water layer has alimledexe nt i s s h o whiguee$6. 6 Cas e
In this example the water is limited tioe leftside andis blodked bya barrier. Although some electrodes
on the right sidare below the war suface level, they i@ not overed by the water layer. Any electrode
which is lccated outside the left amidht limits of the water layer specifigd the daa file is assurad to
be not covered by the water. An example data fileedXAM_SURVEY.DATfile (Table23).

Table23. Survey across@am with only electrodes on the dam sishelerwater

DAM SURVEY.DATile Comments
Survey across a dam Title
5.0 Unit electrodespacing
7 Wenrer-Schumberger array tye
3025 Number of data points
0 Indicates first electrodegsition given
0 No |.P. cata
0.0000, 5.0000, 1.00000,13.2933 First 4 data ponts ingeneral
5.0000, 5.0000, 1.00000, 11515 | array datafomat. Note
10.0000, 5.0000, 1.00000, 10.4964 | value of 0.0 for electrode
15.0000, 5.0000, 1.00000, 9.8681 elevation as it idisted later.
.. Similarformatfor other data points
540.0000, 5.0000, 1@mO, 24.8984
10.0000, 5.000, 54.00000, 18.2645 | Last 2 data points
0.0000, 5.0000, 55.00000, 18.1088
2 2 to indicate surface-glistances
112 Nunber of topography data points
0.0000, 30.0000 Topography x and zalues
555.0000, 0.0000 Last topogaphy point
1 1st electrode coincides with 1st tgpaphy data point
0 0 forno fixed regions
1 1 indicates underwatesurvey
20.00 Resistivity of water layer
0.0,130.0 Left and right limits of water lger, note rightimit of
130.0 is less #mn lengh of line
71.5000 Elevation of water surface
1 Indicates surface geometriadtor used for apparen
resistivities
0,00,0 End with afew zeros

Notein the above table, the right limit of the water lag&80.0 m) is mah less than the right
erd of theline at 555.0 m. When the program reads in sudleavhere the limits of th water layer is
less than the line covage, it will autanaically detects uch a si tuati on and
limited e x t e ndadd sehtlee prepargnvision stings.

Another possible situation is shown in Figu6 (case 5) where thesetrodes are on a streamer
suspended betwa the wagr suface and lhe botom. The data format for this case is described in
Appendix D.

di sp

(b) Stratifi ed water layer

In areas nar the coast, the water layer resistivity might hawggnificant variation vth depth. A
common situation that arisés a freskwater (higher resistivity) layer overlying a denser more saline
(lower resisivity) near thebottom. In some surveyshe depthto the water bottom might change
significantly alomy the survey line that mak it important to include the variatiohtbe wate resstvity
with deqih in the model. The example file watgtayersdiff-a6-n6.dat Table24) shows the data format
used when theresimore than one water layéNote the slight change in the data fatnm thebottom
section d the file to accommodate more than one water layer. It ssiagd that thedundary between
the layes is alvays horizontal. The program allows up to a maximdrhowater layers that shig be
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sufficient to model almost any wateesistivty variation wth degh. A field example where it was
necessary to use mattean 5 water lagrs to accurately modelte wateresistivity variation with depth in

a survey acrosa river is described in@hlinet al. (2014).

Table24. Underwatersurveydata file with two water layers.

water2-layersdiff-a6-n6.datfile

Comments

Model with two waer layes Title
1.00 Unit electrode spacing
3 Dipole-dipde array type
1143 Numberof data points
1 Indicates array miepoint given
0 No I.P. data

1500 1.000 1.000 32.094 First 2 data pints

3.500 1000 1.000 322777

Similar format for other data

.. Points

25.000 6.000 6.000 87.859¢ Last 2 data points

26.000 6.000 6.000 87.6574
2 Topography flag 2 to indicate surfasdistances
3 Numbe of topography da points
0.000, -4.000 Topography x and z values
25.500, -4.001
50.000, -4.000
1 First electrode coincidewith first topagraphy daa poirt
0 0 for no fixed regions
Number of water layers Header to indicatemore than 1 water layer
2 Shows2 layers

Layer 1 parameters

Header for first watetayer

80.0005100.000,200.000,0.000

Resistivity, left and righlimits of water layer, eleation at
top of water layer

Layer 2 parameters

Header for gcond water laye

50.000,-100.000, 20M0O0, -1.620

Resistivity, left and right limits of wateryar, elevation af
top of 2¢water layer

1 Indicates surface geommit factor used for apparent
regstivities
0,0,0,0 End with a few zeros

7.9.2 Surveys with floating electrodes

Another posdile arraagement for an aquatic survey is a boat draggirepeavith the electrodes
floating on the water surface. The mairadigantagef this arrangerent isthat a large part of the current
flows within the watelayer, compareéto the portion of the arrent hat flows into the material below the
water bottomThe main advantage is thée survey is easier and faster to cauy and awids poblems
swch asthe cable being snagged by obstacles on the riverrbottocould be a efficient method in
shdlow areas where the screening effect due to the water laywt too large.

One pasible way of interpreting such a dataisdb treat it asa standrd suface data set where
the water layer is included as paf the modelThis probably gives accdpble results where there is a
strong contrast between thater layer and the topmdsiyer of the sulbottom materials, and vehne the
data hasalow noise leel.

However, if the depth of the water bottom was meas during theourseof the survey (usaily
with an echo sounder), and the water resistivity was mleasured, the effect thie water layer could be
calculated andnicluded inthe nodel. Thefile WATER_FLOAT.DAT is a synthetic data set which gives
an xample of the da format. The initial pat of the file is identical with that used for normal sudac
surveys or surveys witblectrodes on the water bottom. The défese is inthe final secton of the file
where the water layer parameters are givehable 25. Whilghis example gives the da in thke general
array format (section 7.2), the progranm @so accept data in thedex based format (section 7.1). Most
sydems for srveyswith floating dectrodes take measurements at a finer spacing compartae
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spacingbetween the electrodes kaouts o the cable. Please refer to section 8.2 for mathodandle
such data fronmobile survey systems.

As a final note, ti has beerpbsewed that n somedata sets there is mismatch between the
coordinates othe electrodedor the measurements anthe botom topography as measured using a
profiler and a GPSystem. This shows up whaising the option to incorporate the walgyer inthe
inversion nodel ky a horizontal shift (usually of 5 to 10 meters) betwdlee bottom topgrapty and
steep structes in he inversion model such as small gullies and ped@kss is probably due to
differences in the locations of the deptlusder sysgm andhe cablawith the electrodes.

In a 2D data file, it is assumed thdte survey linds straight. This might le difficult in some
areas with strong water currents. Ifhare significant deviains in the direction of the line, it mighe

betterto use the Resd8invx64 program to treat the survey as-B 8lata set.

Table25. Survey datéile with floating electrodes.

WATER FLOAT.DAT file Commerd
Survey on water layema floating electrodes | Title
2.0 Unit electrode spaing
11 Generalarray type
0 Nonspecific sukarray
Type of measurement f@pp.| Header
resistivity.1=resistance)
0 0 to indicate apparent resistivity given
942 Number of da points
1 Indicates truehorizontal xdistances

No I.P. data

2.0,0.00.00.0 4.0,00 60,0.0 1.86738

First 3 data points in general

array data format. Note water

0
4
4 4.00.0 2.0,0.0 ©,0.08.0,0.0 1.86843
4 6.0,0.0 4.0,0.0 8.00.10.0,0.0 1.87070

surfae at 0.0 meter elevation

Similar format forotherdata

points

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

Last 2 data poits

4 48.0,0.0 36.0,0.0 96.0,00 108.0,0.G
15.51526

0 No topography informatio
0 No fixed regions
3 3 indicates floating electrodes survey
Water resiswity Header
1.5 Waterresistivity value
Water elevation Header
0.0 Elevaton of water sudce
18 Number of water bttom deth points
0 -15 x-location and elevation of wet
10 -1.5 bottom belowvater surface given
20 -1.5 for each pint
26 -1.5
28 -2.0
30 -2.5
Similar format for other points
108711.5 last deph point
1 Indicates firg electiode is at first depth point
0,0,0,0 End with a fewzeros
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7.10 Incorporatin g boundaries of known layers

In some caseshe dept profile of a lmunday between two layers with very different resistivity
values is known fom other sources; such dsorehok data, seismic refraction or GPR surveys. Very
frequently, there is a rapichd sharp change across the boundary, asdbetweem clay and sandayer.

If the depth to the boundary is known, this inforroatcan be incoigratedinto the inversiorso thatthe
resistivities of the layers can be more acalyatletermined.

The file CLIFLAYERA4.DAT is an example data file whethe boadary between agraveland
underlying clay layer is known from a seismic aefion survey (&ott et al. 2000). Part bthe file is
shown inTable26 with an expanation of the changes needed. In thisvga thereare twvo boundaies.
The program allows up to 30 boundaries that should fiieisnat for almost all practical casesThe file
MODEL_BOUNDARY_GENERAL.DAT gives an example of atddile with the generalreay format
with only one boundary. Figur&9 showsthe inversion of the ALIFLAYER4.DAT data set using
different inversion optios. The first mod using the smooth invesion mehod (section 11.2) shows a
gradational transition Iween the sand and undeny lower resistivity clay layer (Figure9b). The
depth b the boumlary is not well determined. The use of the blocky or roloustrsion methodsecion
11.2) gives a mch shaper boundary (Figure 19c). The addition of the baupdrom the seismic
refraction survey helps to further sharpen boeindary Figure19d).

The greaest limitation of this option at present is that theptde to the layes are fixed
throughout he invesion. An option to allow the depths to be automdtiazhanged might be addeéa a
future update.

Clifton survey

a). Measured apprent resistivity pseudosection
Ps.2

418
7.7
18.2
13.3
16.4

b). Smooth inversion model

Depth Iteratlun 5 RMS errur = 3.4 %
32 a

. 258
3.19

o oo o

12.8

15.4

c). Robust {blocky) inversion model
Depth Iterat1on 5 nhs error = 1. 58 %

[125[1 ......‘...‘..'. ...........................

3.19

9.12
12.8

15.4

d). Robust inversion model with sharp boundaries

Depth Iteration 5 Abs. error = B.73 %
a.8 6.8 32.8 48.0 64.8 80.9 m.
3.250_"', |||||||||||| Lo naa1 Lot ua .”I L

3.197
5.731

9.12]
12.8]

15.4 ]

I NN N NN (N [T (RN (T MM ] (N O N NN N B
18.8 14.1 28.8 28.3 L4B.8 E6.6 86.0 113
Resistivity in ohm.m

Figure 19. Models pr theClifton survey from the different inversion methods ahown togetheiNote
the boundary betvan the gh resistivity sand layer and the underlying lowisévity clay layer is mch
better resolved in the blocky and shhgundaryinverson method.

Copyright 2022, Seequent



39

Table26. Example survey datdd with known oundaries.

CLIFLAYERA4.DATile Comments
Clifton Title
2 Unit electrode spacing
1 Indicates Wenner array
392 Number of data points
1 Type of xlocation (centey
0 No I.P.
3 2 58.63305 | First data point in indevased format
5 2 56.772@ Second data point
. Other data points
50 32 104035 | Last data point
0 No topography
0 No fixedregions
0 No aqiatic survey

Sharp layers present

Header to indicate sharpdoindaries presdn

Number of boundaries

Header

2 Number of boundaries, two in this case
Boundary Iparameters Header for firg boundary

Boundary type Header for typef bounday

Layer Layer type

Group weight Header for weight, for future use

1.0 Ente 1.0 here, notised & present

Number d pointson boundary

Header

16

16 points for this boundary

x and z coordinates of pt

Header

0.023

x-location and depth afst point

18.02.3 x-location and depth of 2nd point
x-location and depth dfther points
9203.2 x-location ard depthof last point
Boundary 2 parameters Header for seaod boundary
Boundary type Header for type of boundary
Layer Layertype
Grouwp weight Headerfor weght, for future use
1.0 Enter 1.0 here, not used atgsent

Number & points on boundary

Heacker

3

3 points for this boundary

x and z coordinates of pus

Header

0.06.7

x-location and depth of 1st point

45 6.7 x-location and epth d 2nd poir
926.7 x-location and depth of 3rd point
0,0,0,0 End witha few zeros
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7.101 Specifying and fixing resistivity of regions above and below a sharp boundary

In some special casesegthesistivity of the regions above anddwelthe shgp bowndary migh be known
or can be estimated. To estimate the resistidty,inversion ofthe data set can be firstarried out
without the specifying the resistivity of thegions. A common situatiois an insulating liner below a
landfill. The mateml within the landfill can have relatively low resistivity values (such asuall00
ohm.m),and the main purpose oftte survg is to map the resistivity variations in the latidiaterials.
The landfillliner might be essentially an insulatibgundary vinere he currentcanna penetrate through
it, so the resistivity of the regiobelow the line can be considered moréhan seeral thousand ohm.m.
This information can be incorpated into the inversionybspecifying the depth profile of the linand
theresistvity of the regon below it. The bottom part of an example data fldisted in Tak# 27. The

60 Gr oup wed sgshthe @amping factor for the region. A value of Bans the resistivity is
allowed to vary freely during the data ergion. Amuch hgher valie, sut as 20.0, greatly reduces the
variations allowed andssentially fixesthe resistivity value. This ensues the resistivity of the selected
region is keptiked during the inversiorand in this example the program only ches the rsistivity of
theregion above the boundary to fit the measured data.

Table27. Example datdile with sharp boundary and specified resistivity of regiahove and below
boundary

SharpBoundaryResistivity.dat file

Comnents

21.00 6.0 5.00 25.20636 Last
22.00 6.00 5.00 317.22330 three
23.00 600 5.00 330.&230 data points

0 Topographyflag, 0=no topography
0 No fixed regions
0 No aquatic survey

Sharp layerpresent

Header to indicate sharp boundasipresent

Numbe of boundiries

Header

1 1 boundary in this example
Boundary 1 paramers Third coordnate point
Boundary tye Zerosto indicate other options,
Layer such as fixed regns etc.
Group Weight

1.000

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

1

Resistivty value

100.0

Number of points on boundary

3

x and z coordinates @ints

0.000, 4.740

20.000, 4.741

44.0®, 4.740

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

1

Group Weight

20.000

Fix resistivity?

1

Resetivity value

4000.0

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

Two-dimensional restivity surveys are careid out vith the electrodes arranged along a straight
line. The coordinates of the elkeode positions, and thus the subsurfacedeh resitivity values, &
given with respect to the ends of the line in the forntoo&l coordinate In order to incorpora the
results in a map, the true coordinates (in terms titides and longitudes, oorthings and eastings) are
required. Thepositionsof pants alongthe ine can now be easily obtained using Global Positioning
System (GPS) meivers. In order the olatin the true coordinates for the model values, the GPS
coordnates must first be entt into the data file read by the RES2DIgkogram.The resuts canlater
be extracted from the XYZ file generated from the datarsion file.

The information concermig the @S coordinates is given in the section immediatétisr ahe
topography inforration in the data file. An example for atd file (vithout topogragy) usng the index
based format for the resistivity datagiwen in the fie BETA_GLOBAL.DAT. The se&tion of the file
containing the GPS information is showniTiable28.

Table28. Exampé datdile with global coordinates.

BETA_GLOBAL.DAT file Conments
8.7 4500 10.132 Last
7.500 5.000 9.601 three
8.000 5.000 9.601 data points

0

Topography flag, 0=no topogragh

GlobalCoordnaes presnt

Header to indicate GPS information present

Number of cordinate points

Header

3

Number of coorithate pants

Local Longitude Latitude

Header

0.0 20.010.0 First coordinate poihgiven as
Local position along line, GPSongitude,GPS latitude
8.0 %.93 14.0 Second coordinate point
15.5 33.42 17.75 Third coordinatepoint
0 Zeros to indicge otheroptions,
0 such as fixed regions etc.
0 not presat

An example for a datéile with topography using the index baséormat & given in the fle
RATCHRO_GLOBAL.DAT. The section of the file containingettGPS informatin given after the
topography sedbn is shown inTable29. The file P_MAGUSI_MF_GLOBAL.DAT is an example of a
data filewith IP values a wellthe GPS information.

The file MIXED_GLOBAL.DAT and RATHMIX_GLOBAL.DAT are examples of data fils
using the general array format containing GPS coordinaBxth data sets have thepbgraphy
information within each data pailine. The setion of the RATHMIX_GLOBAL.DAT with the GPS
information is shown iMale 30. The file LAKELELIA_GLOBAL.DAT is an example with datin the
general array fonat for an underwater survey with GPS atinates. 1 also has the opogrgphy
information in a separate list from the appareststevity data ines. Part of this file is shownin Table
3L

To make use of the GR®ordinates, you need to first run an irsien of he dah set. Nex read
the inversion fil e i n avelthe madé ilasspnlareXydfilewsingtdlo el 6 Rin d
- Model export-Save data i n Xgettiod Bla.2).aTheé moldeplues with the GPS
coordinates will bdisted inthe last sectionof the XYZ file.
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wih index based format antbpograhy and global coordinates.

RATHCRO_GLOBAL.DA Comments
file
Initial section with main data section and
topogrgphy
92-3.207 Last
94:3.27 Three topography
96-3.34 data points
1 First topography poinsame asfirst electrode
Global @ordinates preser Header to indicate GPS informah present
Number of coadinate| Header
points
3 Number of coordin@ points

Local Longitudel atitude

Header

-36.0 80100.0 200300.0

First coordinatepoint given as
Local position along line GPS Lowgitude, GPS Latitude

20.0 80148.1 200327.8

Secoud coordinate point

96.0 80213.3 200365.4

Third coordinate point

0

Zeros b indicate otheroptions,

0

such as fixed regions etc.

0

not present

Tabe 30. Example dta file with general array format, topography and globalrdotes.

RATHMIX_GLOBAL.BT
file

Comments

é

Initial part with maindata sedbn

4 60.0-0.093 960 -3.34
72.0 -2.274 84.0 -2.914
1680.0

Last apparat resistivity @ta point

0 Put zero fo topography flag

Global Coordinatey Header to initate GPS information prest
present

Number of coordinat{ Header

points

3 Number otoordnate poirs

Local Longitude Latitude

Header

-36.0 80100.0 20030D.

Local positionalongline, GPS Longitugland Léitude

20.0 80148.1 200327.8

Second coordinategint

96.0 80213.3 20@5.4

Third coordinate point

0 Zeros to imlicate otler opions,
0 such asfixed regions etc.
0 not present
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Table31 Exanple aquatic surveylata file with global coordinates.

LAKELELIA_GLOBAL.DAT
file

Comments

é

Initial part with main data section

Topography in sepate list

Heade for topayraphyinformation

2

Topography flag

38 Number of topographpoints

26.12 99909 First topographypoint

e . . Other topography data points
1127.7®99.09 Lag topography point

1 1sttopography point at 1st electrode

GlobalCoordinats preert

Headerto indicate GPS information present

Number of coordinate [ats Header
4 Number of coordinate poirg
Local Longitude Latitude Header

26.0 100000.0 2000@D.

First coordinate point tyen as local position along line, GF

Longitude and_atitude

126.0 100086.6 200086.6

Second coordinate point

500.0 100416 200237.0

Third coardinate point

10920 10®23.2 200533.0

Last coordinate point

0 Zeros to imicate other options,
0 such as fixed regions etc. not present
1 Indicates \ater layer presat

58.00-2000.00,2000.00,1000,

The water layer information

0,0,0

End witha fewzeros
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7.12  Extending the model horizontal range

The program automaticglsets the left and riglends of the model at the first and lagto#dode lcatiors
for suneys wih surface electrodes only. In some situations, théghatrbe large

resitivity contrasts jusbeyond he ends of the survey lindaurerand Friedel 2006.. This option
allows the ger to extend the horizaitrange of tk inversion modeused bythe pogram.

The data must be given in the general array data format (s@€Qjdior this option tobe usedThe table
below shows the data format using theregbe MIXEDWS_EXT2.DAT file.

Table32. Exampe data file wih extendednodelrange

MIXEDWS EXT2.DATile Comments
Mixed array with extended modeinge Title
1.0 Unit electrodespacing
11 General array type
7 Subarray type, WanerSchlumberger
Type of measurement Header
0 Indicates apparentesistivity given

Additional nodel Hocks added beyond en¢ Header to indicate modekendal beyand ends of hie
of survey line

Number of additional blocks on both sides | Header

2 Indicates 2 blocks added at bathds

Positions of left dditional blodks Header for Idt side

-2.0,00 X ard z position of first extended point on left side
-1.0,0.0 X andz postion of second exinded pimt on left side
Positions of right additional blés Header for right side

35.0,0.0 x and z position dirst extendd point on rightside
360,0.0 X andz position of second extended point on right si(
230 Number ofdata points

1 True horiontal distance

0 No I.P. data

40.00.019.00.0 9.0 01@.0 0.0 10.644 | First datapoint

41.00.020.00.00.00.011.@.0 10.281 | Seond data wint

Same format for other data points

0,0,0,0 Ends with a few zesdor other options

Note the foamat for the additional horizontal positions. Fiystthe x positions must beigen
starting from the ldfside, or thelowest value. Tie z posiions nmust ako be given. If there is no
topography, a value of 0.0 is givemia the exanple. If thee is topgraphy, the elevation at the point
must be given. fe files RATCHMIX_Ext.dat andRATCMIX_Sep_ Ext.dat are exnples of te data
format wih topograph.
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8 File menu options
This covers the list of subptions under the '@ menu opion, as shan below

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

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

Calculate errors from repeated readings
Data Import >

Collate data into RES3DINV format
Concatenate data into RESZDINV format

Combine 2-D files into a time-lapse file

Change buffer drive
Save sorted data after reading in data file

Trace pregram execution

Exit program

8.1 Read data file
This option reads in a dataefiwhich is in the RES2DINVDAT format (see section 7)t
assumeshe data is aarged in theforma usedby this program.

8.2 Round up positions of electrodes

This opton is intended for datafrom long survey lines, particularly those collected using a
mobile measuring system suak the Geometrics OhmMagipsystem om@an aguatic sueying system
sud as thdris Instruments Syscal Pro Deep Marine system. Such mobileysngnsystens have a fied
spaing between the electrodes nodes in the cable, typiBaheters or more. Howevemeasurements
are usuallymade at iregular intervaldepending o the speedat which the cable is towed. Thus, the
spacing between consecuimeasuremerts do not hve a fked value and is usually less than the spacing
betweerthe electrode nodes on tbable. The positions of ¢hmeasuremes are usually mesured witha
GPSsystan. The processing software for some systems digitize the raveabdzted b a fixed nterval
such as to the nearest 1 meter (i.e. rounds up th@oposf the electrodes tché nearest 1 meter),
compaed to the kectrode takeoston the cale tha are5 meters or more apart. The array probably
cannot resolve suchri structures. A coarsediscrdization, such as to every 1.25 to 2.5 meters (i.e- on
qguarter to half the spaanbetween the electrodeskeouts), isprobably suffigent. This edues the
number of electrode positions in the inversion model, and consibyjggeatly reduces th inverson
time without significantly affecting the result&nother situation arises whethe data conversion
progam suppliedwith the surveysystem doeshot have anoption to change the data discretization
interval and records épositions as measurely the GPS system. You can set the electrode position
discretzation interval by changinthe unit electrode spagrvalue in ine 2 of the datfile (eg.from 1.0
to2.5) . Before reading 1 Round lppostiore of electfoed Is & ononhard e c t
the following dialog box will be shown.

r 5
Round up positions of electrodes

This option is intended for data from mohile survey systems where
the electrode locations of adjacent measurements can end upin
odd fractions of the unit spacing specified in the data file. When
this option is enabled. the location of the electrodes in every
measurement is shifted to the nearest electrode on a survey line
with & constant distance between adjacent electrode locations.

" Do not shift electrodes &+ Shiftthe electrodes

DK | Cancel
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Sekct the 'Shift the electrode option, and then read ithe data ife. The programwill
automaicaly adjust the positions of the electrodes so that the distance of e=attode fram the first
electrale position is an integer multiple of the unit eled&cspacing. In the proces$ shifting the
positions 6 the electodes, some measments migherd up haing the same electrode positions. When
this occurs, the programillvdisplay the following dialay box.

.‘

Repeated data points

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

“r'ou can choose to leawve the data as it is and sawve the sored
data in a disk file. Later, edit this file with a text editor ta remowve
the repeated paints. Howewer, if vou wish to invert or display the
data set now, vou need to choose the option to remowve the
repeated data points automatically.

* Leave data as itis and edit later
" Rermowve repeated data points now

QK | Cancel |

\ 4

If the 'Remove repeated data points now'a@pis selected, the prograwill combine readings
with the same elctrode positiosinto a simgle daa pont.

8.3 Automatically switch electrodes
Clicking this option wil bring up the following dialogbox. This option has two functions.

-

Automatically switch electrodes

In some resistivity meter swstems. the positions of the electrodes for
the dipole-dipale array are stored in the order C1-C2-F1-F2 which will
give a negative geometric factar rather than the correct arrangement
C2-C1-F1-F2. This option enables the program to automatically switch
the positions of the electrodes when the progam encounters a negative
geometric factor but a positive resistivity.

" Do not switch electrodes i Automatically switch electrodes

This option is for data from surface surveys with the walues given in
resistances. In some cases, the resistance value is is given as positive
while the geometric factor is negative or vice wersa. In this option you
wou can force the sign of the resistance values to be consistent with

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

Force resistance value to be consistent with the geometric factor?

" Do notforce values to be consistent.

* Forcewalues to be consistent (positive apparent resistivity)

(0] | Cancel |

4 r

Firstly, it allows the user to automaticalswitch the positions ahe C1 and € electrodes for
dipole-dipde aray dag given in the general array format (section 7.2). The positbttge electodes
are fequenty listed in the CZC1-P2-P1 order although this willesult in a negative geometriactor.
Selecting theAutomatically switch electrdes' optionwill swap the positions of the C1 and C2 electrodes
so that the array configations will have a pasive geometric factor.

The second option deals with datathe general array format wheethe measurements are aJiv
as resigince values. Oneommon misake of measwements in resistance values is that the sign of the
measuremens sometimesnot recor@d, i.e.it is always listed as positive. This will resulttime sign of
the resistancealue being inconsistent thi the arragement of the eltrodes forcagswith a negative
geometric factor. If the option to force the apparesttivity to be posive is dosen, the program will
change the sign of the measuents so that when multiptlewith the geometric factoa positive
apparent resistity valuesis always dtained.
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8.4 Cut-off factor to remove data
This option is usedo filter dda with vey high geometric factors (and consequently low

potentials) theare likely to be noisy. éecting the menu optionillvbring up the following dalog box.
If the optionis enabled, data values below the threshold will be filtered out

#

“

Cutoff value for readings

To avoid possibly very noisy readings, the program will automatically
eliminate readings where the potential walues are probably very small.
The parameter used is the ratio of the smallestto the largest geometric
factor. This ratio is usually between 0.0007 to 0.02 {i.e. a ratio of 1400 to
h0times). To change the cutoffwvalue, enter the new value below,

0.00300

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

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

Do youwantto filter the input data? & Yes ™ Mo

0K | Cancel

8.5 Calculate errors from repeated readings

Clicking this option will bring upthe following dialog box. Tis option calculates an tawated of he
data error ugg repeatear reciprocal measurements.

’
Estimate error from repeated readings

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

" Yes - calculate error * Mo - do not calculate

QK | Cancel
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8.6 Data Import
Clicking this option will slow the following list of sub-options. Use this option to read in the raw data
file from different instruments armbnvert the data into tfermat usedy RES2DINVx64.

B8 RES2DIMVxB4 ver. 4.10.21 :- 2074
File Edit Change Settings Inversion Display Topography Options  Print  Help
Read data file

Round up positions of electrodes
Autematically switch electrodes
Cut-off factor to rermove data

Calculate errors from repeated readings

Data Import ¥ Import data in Geosoft GDB format
Import data in (RIS format

Import data in GEOMATIVE format
Import data in ABEM SAS AMP format
Import data in Sting 5TG format

Collate data into RES3DINY format
Concatenate data into RESZDINY format

Combine 2-D files into a tirme-lapse file

Change buffer drive
Set number of CPU cores

Import data in BGS format

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

Change program limits
Save sorted data after reading in data file

Trace program execution Import data in PASI Polares format

Exit program Import data in RESECS format
Import data in RESISTAR format
Import data in SCINTREX 5GD format
Import data in SCINTREX IPR12 format
Import data in MAE format
Import data in Phoenix format
Import data in Zonge AVG format
Import data in GDD format
Type of eutput values for GDD file data import
Import data in OTHER format

Importing data from Geoso@&DB format

The program gpports import ofERTAP data fom aGeosoftGDB file. The importer assumes
that the relevant data is presentchmnnels withspecific predefined names. Forsaiccessfuimport, at
leastthe positon of one currenklectrode angne potential electrode must be et in the datzse.
Thesetwo chamels must be nandel' 1X andR1X, respectivelyT1X is (true)horizontalposition of first
current ransmittey eledrode, andr1X is the position of théirst potential (receiver) electrod.only
two channels with electrode positions areafed, it will be assume that all measuremestare pde-
pole Similaty, 3 or 4 electrode configuratisican be importé if channelsnamel R2X (second pantial
electrode) ankbr T2X (second current electrodegspectively, are present.

Furthermore, its required thatapparent rgstivities can be extractedirectly or calculated from
channels vithin the databasé\pparent resistivities will be loaded dirgcfrom a channel namd@dHOA
if present. Alternatively, if no RHOA channel is found, gmegramwill look for two channks named
VP and I, which Wl be assumed to contain measured potential and cufgéven in Volts and Ampere
respectively)

Topography caralso be imported if channels namedZT R1Z, é etc. (corresponding to the
existing xpostion channel3 are available.It is assumed that topograpbagd x-position are given with
respect to true horizontabordinategses above chapter on topographic datanats).

I.P. datacan also be imported & channel named CHG exsiResPInv assumes that such data
is given in unis of msec and is a result integrating the dBcay curve from 0.1 s th.0s. If these
sdtings need to be changdtiey can easily be modified in the resulting -€il (see sectiof7.5).

If the source GDBIis divided ino multiple lines,the import pocedurewill generat one
Re2DInv .datfile for each line.

Importing from GDB files requires installation of set of files The geps needed fathis are
de<ribed inAppendix G
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8.7 Collate data into RES3DINV format
(a) Parallel and orthogonal 2D lines

Ideally, a 3-D suvey should b carried out using a r@mgular grid of electrodes with
measirements in different direicns (oke and Barker 1996 However, for practical reasng most
commercial 3D surveys use a number of paralleD2survey Ines wth possiby some tie lines in a
perpendicular direction. fis option enables the user to congbithe 2D lines with data inthe
RES2DINV format intoa single dat file in the fornat used bythe RES3DINV program. The file
COLLATE_2D_3D.TXT is an exanie scipt file usedto conmbine the 2D files. The contents of ik file
together with a descriptiorf the format used are givém Table33.

The format used allows for the possibility that the survey has lines timo pependicula
directions A 2-D suwey line has only one hiaontal direction, and the coordinatéan electrode along
the survey line is given as thdistance ang the line, stéing from thefirst ekectrode. To determine the
coordinate of the elewde h the XY plane for a 3-D survey,we need to determine tlteordinate of the
first electrode inthe 2D survey line withinthe X-Y survey grid. Thiggives a refeence point for with
the cwrdinaes ofthe other electrodes along the same survey dare becalculatel. Secondly, it is
necessary to know the oriertian of the line, i.e. whether is alg thex-direction ory-direction in thex-y
grid. Not that diagnal lines are nadllowed.

In a2-D sunwy line, it is always assumed that the coordimditthe electroe always increases
stating from the first elecbde (i.e. from left to right in a pical pseudosection). Howavyehe direction
of increaing coordimte value along th2-D suney line migh not always be the same as the positive
or y direction in the3-D suvey x-y grid. The 6 Li ne s i dlows forghe passibdity that thea
direction of the 2D survey Ine is opposite to the dicgon of thepositivex ory axis in thex-y grid.

Table33. Example scripfile to combine2-D datafiles into a3-D data file.

COLLATE_ 2D 3D.TXT file Comments
Conversion oRES2DINV data files | Title
Number of files to collate Header for m. of data files
3 Number & data files
File 1 parameters Header for first file
Name ¢ data file in RESZDINV | Header br name of file
format
d:\testFILE2D 1.DAT Full name plus path oflé

X and Y location of fist electrodg Header
along this Ine

0.0,0.0 Coordinatesof the first electrodce

Line direction (0=X,1=Y) Header

0 Number spatying line direction

Line sign (O=po#ive,1=negative) Header

0 Specify whether electrode coordiea increase or decreas
along line

File 2 parameters Same set gfarameters for seord file

Name of daa file in RES2DINV

format

d:\testFILE2D_2.DAT

X and Y locaton of first electrode
along this line

0.0;05

Line direction (0=X,1=Y)

0

Line sign (O=positive,1=negeaé)

0

Similar informationfor third file

Name ofoutput file in RES3DINV | Header
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format

d:MtestFILE 3D.dat Name of3-D datafile

End of file Heade for end of file

While it is possible to combine a numbdraD lines into a 3D dataset, it might not alwayseb
worthwhile to do so. Firstly it is recommended ttat there should be at least 5 parallel lines. The
sepaation betveenthe lines should nbbe more than twice thenit electrode spacing along the knéor
further details, plese refer to Chapter 8 diite  f r erial : ZDTandt 3D dectrical imagingair vey s 0
(Loke 2018). It can be downloaded frometlwwwgeotomosdfcom web site. The RESDINVx64
programallows for true 3D inversion (in that theesistivity values are allogd to vary in all 3 direains
simultan@usly during theriversion procesg. A discussion on the inversion of suckD3data setss
found in Ldke andDahlin (2010).

(b) 2-D lines in arbitrary directions

The previous example siames the -D lines are paikel or orthogonal so thahe electrods used
fall in a dmple rectanguar grid. In some surveys, particularly over rugged terrghis might not be
possble. The RESDINVx64 program supporta n 6arbitrary matwhereth®desbd
electrodes &n be arranged in practlgaany patternin order to conve the6 | o coardinates used for
each 2D survey lines into a commah g la b iordimate system used for tie 3D data file, each-D data
file must cahtarnGPBé asGribadihisecton 21d.heardormadtenm the
0 G| o b @ISdordinat&in the 2D files are then used to position the elect®inthe 2D survey
lines in the commn 3D coordinate systemAn example of the format used igiven in the
COLLATE_2D_TO_®-Arbitrary. TXT script file. The contentsf this file are istedin Table 34 with a
desciption of theinformaionlines.

Table 34. Example script file to combée data from D lines in dfferent directions into &8-D data file.

COLLATE_2D_TO_3RArbitrary. TXT fle

Comments

Conversion into @ arbitrary electrode
data format

Title

Number of files to colate

Header for no. of datfiles

17

Number of data files

Arbitrary point electrodeformat

Header to indicate3-Darbitrary electrodes format sl

X model gid spacing

Spacing in xdirection for model grid

1.0 X gacingvalue
Y modd grid spacing Spadng in ydirection for malel grid
1.0 Y spacing value

File 1 parameters

Header for frst file

Name of data fe in RES2DINV brmat

Header for mmeof file

c:\test\block32x19bx-00.DAT

Full name plus path of file

File 2 paranetas

Sameset of parametes for second file

Name & data file in RES2DINV format

c:\testblock32x19bx-02.DAT

e

é

Similar informaton for other fies

é

Name of otput file in RES3DINV format

Header

c:\test\block32x19b3D.dat

Name ¢ 3-D data fle

End of file

Header forend of file

For each D line, only the name of the dafile is needed. Unlike thiermat used infable 33
for pamllel or orthogonal lines, the orientations or positiofishelinesare not needed. This is beause it
is assumed this nf or mati on i sGl odrmtl aiomre dG Pi&ofonschb¢berdil filen at e s
Another importantlifference is thathe model grd spacings in thec andy directions must be specified
by theuser.It is recommended that youuse values that are similto the electrode spacings usethe 2
D lines. You can se different model grid sggings in thex andy directions,for example sane surveys
use spacings between the lines inytlirecion that are2 or more timesthe inline electrode spacings in
the x direction. However, it is mmmended that the grid sjrags should not be diffdoy more than a
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factor of 2 timesThe model grid automatically generated by this option might not be roptj for
exanple some pats of the gridmight only be sparselyowered by the survey lines. If eessary, you can
edit the 3D data file generated maailly using a tekeditor to optimze the grid sppangs and number of
grid lines. Please refer to secti@r2.3of the RES3DINVx64 marual for deails on the data formaand
sect i onTutrial: 2-2anad 3D eléctrical imagig surveyd ( L o k e méttiods&o)optiize
the model gdl.

The equatoial dipole-dipole and offset poldipole arrays have offie ekectroces. To fix the
positions ofthe offline electrodesa modi fi cati onGR 6 tdco rddG | noais ael s
needed as shown in TlatB85.

There ae two main differaces. Firsty, anext ra data | ine &éSecond
pre s emustiBeincluded to indicate thechange in the format. Sendly, for each local coordinapmint
there are two pairsfdhe (x,y,2 global coorthates, one fothe main survey fie and anotherfor the
offset line. As an example, for the offset pdigole arraythe C1 eledrode will be located along the
main suvey line while the P1 and P2 eteades are assumed to betbr offset line. Note thatlevation
valuefor the global cordinate mustalsobe given to allow for cases where the elevationglbeoffset
lineis different from themain survey line.
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Tale 35. Example data file with globaloordinates for an arrayitlr offline eledrodes.

Data file

Commerts

Initial part with main data section with

data pointsand tgograghy

Global Coordinates presnt

Header to indicate 8S information present

Second ke of Global coordinate

Extra header to indiate coordinatesfor offline electodes

present present
Number of coordinate points Header
3 Number of coordina poins
Local Long. Lat. Elev Long. lat.| Header

Elev

10.0 1000 300.0 20.0 101.0 304,
21.0

Local position along line, GPBongitude, GPS Latitude

20.0 158.1 327.22.0 157.1 331.9
225

Second cordinate point

96.0 223.3 365.4 18.0 222.3 36¢
19.0

Third coordinate point

0 Zeos to indicde other options,
0 suchas fixed regions etc.
0 not present
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8.8 Concatenate d#a into RES2DINV format

This option enabke the user to contee roll-alongdata files measured along the same line into a
single daa file. All of the eledrodes used irthe survey lines are algna single straight line. The il
CONCATENATE_2D.TXT an exapie script file. The contds of this filetogether with a ésciption of

the format used are given ifiable36. In some resistiity multi-electrode systms, each new record starts
with a zero location for the fitglata electrodes. In ond® combine diferent data filesthe x-locations of

the data points in some of the files will have @dhited sothat all of them have a caonmon origin. In
the abovescript file format, this is donby entering the coordinatf the first electrode fothe survey
line. In most caseshedirectionsof the lines are the same, for example tHecations itreaseérom the

left to the right. However, an option is provide where the survey lines were msaeed in different

directiors.

Table36. Exanple script file toconcaenate 2D data files.

CONCATENATE_2D.TXT file

Comments

Concateation of sewerd datafilesin
RES2DINV

Title

Number of files ® concatenate

Header for no. of dta files

3

Number of datdiles

File 1 parameters

Header for firsffile

Name of datafile in RES20ONV
format

Header for name of file

c\datafile1l.DAT

Full nameplus path of file

X location of first electrode along
this line

Header

0.0

Coordinates bthe first electrode

Line sign (O=positive,1=negat) Header
0 Speify whether elecbde wordinaes increase or decreas
along line

File 2 parameters

Sane setof parameers for second file

Name of data file in RES2INV
format

c\datafile2.DAT

Similar informationfor 2nd and 3rd files

Name of outpuffile in RES2DINV
format

c\daafile 123.DAT

Name of file to store combined data

Endof file

Heackr for end of file
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8.9 Combine 2D files into atime-lapse file

This option is tacombine separate2 data fles, measured at differeimes using th same line
setup,into a singletime-lapse data file (section 7.6). An example scrifgsfitoimplemert this is the
Time-2d-cdlate.txt file. The contets of this file together with description of the format es are given
in Table37. The famatis similar to that used to collate or concatendés fiviere alist of input the data
files and an output file igsted. In this case, the name edch file and the time it sameasured is
required.

Table37. Exanple scriptfile to combine 2D data files into a timdapse file.

Time2d-collate.ixt file Comments

Block model 3 files

Title

Time unit

Unit used for time

Day Dayin this case

Number of fikes Header for no. of datéiles
3 Numberof data files

File 1 Header forfir st file
c:\tesimO1.dat Full name plus path of file
Time measued Header

0 Time measured

File 2 Header

c:\testm02.dat

Full name plus path of send file

Time measured

Sameset of parameters for sead file

1

Timesecond data seteasired

File 3

Similar information for third file

c\testm03.dat

Time mesured

1

Output file name

Header

c\testimtime3.dat

Name of file to store timkapse dta

End of file

Header forend of file
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8.10 Changebuffer drive

The program will audméically sekd the harddisk drive with the largest amount of fregase
as thebuffer drive to store temprary files used in the irersion routine. This option alles the user to
change the Hter drive, such as to a$ter SSD drive.

8.11 Change progam limits (experimental)

During startup, the progm determinesthe anount d memory availade. Based on this
limitations defining the maximum number o€lectrodes measuremnts, time lapse rie steps and
boretoles respectively, are determinetihesenumbersare conservative and should allow all inversions
to be carrid out asalong as dat is within the given limits.However, in cemin inversiors the limits
might need tde exceeded-or examplefor data sets witla very highnumber of time lapse tiengeps.

In suchsituations it is often still possible tearry outinversiansif the overdlmemory requirements are
not exceededl'his maybe illustrated by an example

Say you would like to ruma time lapse inversiofinvolving 1000 time stepswith 2000
measurements each andt@tal of 100 electrodes. Opening the programitl dialog will show the
auomaticallydetermined limits:

[ : [ N [

Override default model limitations

Res2dinwxbd measures the amount of available memory upon startup
and sets conservative survey size limitations based on this.

For cerain surveys (e.q. with numerous time steps and relatively few
measurements), itis howewer possible override the default limitations.

Here, yau can manually override some of the pragram limitations.
Existing limits are shown. Type in expected maximum values ofthe
surveys you intend to wark with in this Resgdinwx session.

Mote that overriding default limitations may lead to program crashes if it
runs out of memory. Aftempt to allocate as little memary as possible.
E.qg. if yvou know wou will wark with a sursey with maximum 200
measurements, type that number,

bdaximum number of electrodes: 1000
kaximum numkber of measurements: 120000

baximum number oftime steps intime lapse surveys: a4

L

baxirmum number of boreholes: 100

Ok | Cancel

These numbes should then be changed & small numbers as possible for theen
inversion to berun. In the almve examplaghe 4 nunbess could be reducedo 100, 2000, 1000
and 1, respectivelZNotethat ths feature isexperimental ard there arget no wanings raised if
memory allocationwere unsicce$ul. Thus it is possible that the pgram will crashwithout
warningwhen atempting toinvert too large datetsusing this feature.

8.12 Save soted data after reading in data file
Selecting this optiowill bring up the followingdialog box.
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Save sorted data file

After reading in a data file, you can choose to save the sorted data into a new data
file. If wvou choose the “res' option below, the program will autarmatically stop

and asked yvouwhetheryou want to sawve the sorted data. If yvou choose the ™o
option, the program will not display this question. This saves same time.

" “es - save sorted data & Mo-donot save sorted data

This option allows you to sawve data in the general array format into the index
based format after the data has been sored. Save soded data in index farmat?

" Yes - save in index format + MNo-donot save in index format

This option allows you to save data in the index based formatto the general
array format after the data has been sorted. Save sored data in general format?

" Y'es-save in general array format & No - keepin index based farmat

(] | Cancel |

When the prgram reads in a data file \till sort the data accordintp depthof investigation 6
the array. For index bad data, it will group thdatapoints accordingto the @ and h' values used. If the
first option is selected, thprogram will save the datafter sorting into a sepaeatiata file If the original
data fileis in a general aay format, but a standasedray was used, the secbaption alows the uerto
save the data in a file using the&l@x based format. This maké easie to detect prol@ms with the data,
such as tb use of lege h' values wih the WemnerSchlumberger, ge-dipole and dipolalipde arrays.
The third optim conwertsdata origirally in the index based format to the gextearray format. This is

uselll as @rtain options, sch as extending the modehge (sectia 7.12), is only aailablefor data in
the gerral array format.

8.13 Trace program execution

When this ogion is enalted, the program will dump information iota R2DTRACEX64.TXT
file during the inversion processThis is mainly used to tracproblemsn the program iftiis unalte to
read or invetra data file. The file Wi | be s av e dffer_2d foldeen théhufeendpve.b
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9 Edit menu options

This section covers a few datdting qotions to removédad data points, trim verphg profiles,
reverse the dition of a data set and tohange the location of tHeeginning of the line. Gtking this
option will show the following list of sukoptions.

% RES2DINVx64 ver. 4. ; ortd

File Change Settings Inversion Display Topography Options Print Help

Exterminate bad data points
Exclude data points in selected range k
Splice large data sets

Trim large data set

Reverse pseudosection

Change first electrode location

9.1 Exterminate bad datapoints

In this option, theapparent resistivity dataalues are idplayed in the fan of profles for each
datalevel. This can only be ed for data collected uginconventional arrays.Y ou can use the mouse to
remove any badada point. The main purposé this option is to remoe data points that have retdvity
values that are clegriwrong.Sud bad data poistcould be due to the faile of the relays at ond the
eledrodes, pooreectrode ground contact due to dry sdait, shorting across the dab due tovery wet
groundconditions. These bad dataipts usudl/ have apparent sistivity values that are obously too
large or too mall compared to the neigbringdata pants. The best way to handle such bad points is to
drop them so that they dwt influence the model olained. Figure 20 shows anawple of adata set
with a fewbad poins. To remove a badata point, move the creshaped cursor with theouse o the
data pointand click the left mouse button. The colof the data point shouldhange from black to
purple If you click the same dataoint agan, it will not be emoved fomthe data set. Bédes removing

a single dta point, there are othéunctionsthatremovesasei es of dat a pointhe s .

menu bar will displg the list of keys or mouselicks that can be used.

r 5

Function of keys to remove data points

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

A Points using the present C1 electrode

E : Points using the present C2 electrode

C 1 Points using the present C1 or C2 electrode
i Points using the present F1 electrode

N : Points using the present P2 electrode

P Points using the present P1 or P2 electrode
L - All points in the data level is removed

R : Restore all points in the data level

To remove a series of data points on the same praofile, move the
cursor 1o the left point and click the right mouse button. Next
the cursor to the right point and click the right mouse button.

| o |

For exanple, you can remova serief data points orthe same profile using théght mouse
button. If tre conactat e of tre eledrodes is bad, you can remove ak tthata points associatedthvi
that eledrode. To quitfrom this option, just presthe Q key or click the Exit @tion. You will then be
pronmpted to save the editedtdanto a new file.
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Elec. spac. Rectangular Blocks

10.0- -

20.0-
30.0-
40.0-

h0.0-

60.0-

70.0-
80.0-

q0.0-

100.0-

110.0- -+ -

120.0- =ttt ++

+Measured data + Bemoved data
Figure 20. Example of a data set with a felsad data points. The data displayed using the
"Exterminate bad data poititsption.

9.2 Splice large datasets

This option enables yoto choose a section ofdHull data set (which i®o largeto be procesal
at a single time) to invert. For dativen in the index basedrwoa (secton 7.1), the diibution of the
data pointsn a pseudsection will be diplayed achas inFigure 21. You canselecta sction of the data
set to invert by using the arrowy& Instructions on the ke to useare displayed orthe screen. You
can also diglay the It of editing keyaised by slecting the 'Help'menu option that will diglay the
following inform&ion box.

Function of keys

Tamowve the left electrode : Left, ight. Home, Fglp keys
To maowve the right electrode : End. PgDn, [ or] keys
Tamove the level selector . Up or down arrow keys
Todecimate a lewvel : D key

Toeliminate a level | E key

To mowve both electrodes ;- or = keys

=

e v,

The datapoints selected will be marked by purpleosses or dots, whereas tteenaining data
points areblack. At the top of the diday, the &ft and right limis of thesedion selected @& marked by
yellow verticd lines. If there are tomany dtapoints in the lower levels, you can reduce the numioér
data points by selectingnily oddor even points ira level. To do this, movédé horizonal yellow marker
onthe leftside of the displka up or down to the leveglou want to decimate usinbge yp ard dovn arrow
keys. Then press D to decimate the daténgs in that level. Usinthis option, you can selec section of
the data setotinvert. The entire data seian therbeinverted by inveting successive subseat® of the
data set. Afteselecing thedata sesub-section you want invert, will need gave it to a new file.
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Splicing of large data set

P

T I T T R T T T e T T kT R = T T T S R T S SRS

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

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

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

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

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

+ o+ P P - P P PR - - P - + 4

+ Datum points selected Number of data points used is 1202
| Limits of data subset selected Number of electrodes used is 297
- Level selected Left electrode number is 1 at 4820.0 m.

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

Figure 21. Example of a displausing thesplice data optiofor a dda set in the indesd base format.

For datais given in the general @y format you can tim thedata by changing the left and right
limits of the data set, ds the fdlowing dialog ba. You can also remove datear the tp or bottom of

the pseudosedmn by setting lints on the depth values.

P
Trim data set

The minimurm and maximum electrode positions are 0.00 and 490.00.

Flease enter the minimurm and maximum electrode locations far the timmed data set below.
Minimum location selected - [-001 Maximum location selected : [490.01
The pseudodepths of the data points range from 4.16 to 103.80.

Flease enterthe minimurn and maximum pseudodepths far the timmed data set below.

Minirum pseudodepth chosen:  [415 Maximum pseudodepth chosen: 10381
MNumber of data points selected is 469 out of 469.

0K | Cancel |

In general, it is recommmeled hat you try to invert the entire data set at a single tinTéhe
inversion of long swey linesis no longer a pyblem with RES2DINVx64. Iflie data iSrom a long

survey line with more than 500 elémde position, you can ket the "Sparse inversib opion to
significantly reduce the calculation time and cortggumemory required (seecsien 11.26).

9.3 Trim | arge data set
This option issimilar tothe previous optio, exceptthe dialog box toset the left and right liits (and

upper and lowerits for the pseudodpths) of the data set is always shown, ever data given in the

index based format.
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9.4 Rewerse pseudosection
This opton flips the pseudosection haontally from left to right This is helpful when yohave parallel
survey line butthesuneys werestarted from different ends.

9.5 Changelocation of first electrode
This allows you to changthe location of the firstlectrode inthe survey line.tlis bastaly intended for
plotting purposes, so thaverlapping survey lindsave he samex-locations for electrodes that coincide.
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10 Change Settings menu options
This menucontains a numbeof options that control thparametersised in the inversn of the
data set. This dmn shows the following enu.

B2 RES2DINVx64 ver. 48.1 - 921 - DARes2dinvx64\BlueRidge.dat M
File Edit ChangeSeﬁingshInversion Display Topography Options Print Help

Inversion Damping Parameters 4

Forward modeling method settings
Automatically adjust mesh grid size

Inversion Progress Settings 4
Data/Display Selection 4

Save inversion parameters

Read inversion parameters

10.1 Inversion Damping Parameters
This covers a list of options that control the d®ing factor,/ in equation(4.1), used in the
smoothmssconstrained leastquars inversionequations. The ftdwing list of submenu optdns is
displayed when thisption is selected.
!‘! RES2DINV)(64 ver. 4.8.1 :- 921 - D:\Res2dinvxb4\BlueRidge.dat g
File Edit |Change Settings | Inversion Display Topography Options Print Help

Inversion Damping Parameters 4 Damping factors

Forward modeling method settings Change of damping factor with depth

Automatically adjust mesh grid size S Engeolodelies STy

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

Save inversion parameters Limit range of data weights

Read inversion parameters Reduce variations near borehole

Use sensitivity values to damp variations near boreholes

101.1 Damping factors
Seleding this option will bring up the fl@wing dialog box.

Set Damping Factors

Initial Damping Factor

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

Initial damping factor value selected - [0.1500

Minimum Damping Factor

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

Minimum damping factor value selected - | g_g100

First Layer Damping Factor
For some data sets with very sparse data points, the first layer can show a rippling
pattern. To reduce this artifact, you can use a higher damping factor for the first layer.

Use higher damping for first layer? :- " Yes & No

Higher damping factor value for first layer (1t0 20) == [5.000

Apply higher damping factors for blocks at sides of model to reduce edge effects?
" No - Do not use higher damping factors @ Yes - Use higher damping factors.

Adjust damping factors for changes in distances between the blocks in the model?

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

DK Cancel

You can <t theinitial value forthe damping factof in equation (4.1) as well as the mimum
danping factor. The imersion program automatit@greduces the dampingdtor by alout half after each
iteration until it reaches the seted minimum value. If thdaa setis very noisy, ya should use a
relatively lager dampig factor (for examie 0.3).If the data set i¢ess noisy, use a smalleritial
damping factor (foexanple 0.1). The inversion subroutine will generally reduckea damping factor but
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a mirimum limit for the dampindgactor must be set to stalaié the inersion process. Thainimum
value should usuall set to about ontenth b onefifth the initial damping factor value. Fo sane data
sets, particularly when the ddel refinement' option isiseal to sdect a model withnarrower blocks
(section 113.8), thefirst few layers ca show arippling effect. Tlis can be reduced by usirghigher
damping factordr thefirst layer. Tlere is usually less data near the endshef survey line, so an opti

to usehigher damping fetor for the model cells dhe sides bthe model is usedlhe las option allows
theuser to adjust the dampjriactor for the differenfayers totake into acount changes in the distances

between tB model cells.

10.1.2 Change of damping factor with depth

Since the resolutionfdhe resitivity method decrases expaertially with deph, the damping
factor usedn the inversion leasiquaresmetiod is normaly also increased with each deeper layer i
order to stabilize the wersion process. Normallythe damping factor is incread by 1.08imes with
each deper laye, but you can chage it. Use a larger valuéthe model shows unnatirosdllations in
theregstivity values in the lower section$his will help to suppresthe oscillations. You caralso select
the choice to &w the prgram to determinehe valueto increase the dapmng factor with depth
aubmatically. This might ba goodchdce if the thickness of the layers is much thinner thiéhe default
values, for gample if you had reducedhe unit electrode spacing thalf in the data file in ordeto

producea model with sraller model blocks.

-

Change of damping factor with depth

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

Enter the value to increase the damping factor : 105

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

* Do not use automatic calculation.  Use automatic calculation.

oK | Cancel

10.1.3 Limit range of model residivity

When youseled this option, the following dialogox will be shown.

”
Limit range of medel resistivity values

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

" Do not limit resistivity values ' Limitrange of resistivity values
Enter upper limit factar 500 Enter lower limit factor 0020
' Use average resistivity " Use first iteration resistivity

OK | Cancel |

-

This qotion allows you to limit the range of resistivity vaés that thenversion subroutie will
give. In the abovexample, the upper limit fois 20 times the averagaodel resstivity value for the

previous iteration while the losy limit is 0.05 times (i.1/20 timeg. The progranu s e s

fisofto

allow the actubresistivity modelvalues ¢ exceed the limit€o a certain degree. Hower, this option
will avoid extemel small or large model resistivity values that are @igally unrealistic. The @s$ can
also choose to uséne inversion model obtained the firg iteration as theeferencanodel instead oftte

average apparent resisty value.
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10.1.4 Vertical to haizontal flatnessfilter ratio

You can select the ratof the damping factor fahe vertical flatness filer §,) to the horizontal
flatness fiter fy). By defaut, the sanedamping factors used for both. Howevef,the anomalies in the
pssudosetion are elong#ed vertically, you can force the programo produce models that amds
elongated vertically ly selecting a higher valuéof example2.0) for the ratiaf the verical to horizonal
flatness filter. For anmalies that are elongatbdrizontdly, choosea smaller value (e.g. 0.5).

P ’
Choose vertical-to-horizontal flatness filter ratio

If the main anomalies in the apparent resistivity pseudosection
are elongated in the werical direction. you can choose to optimize
the inversion parameters forwvertical structures by using a higher
weight (for eg. 2.0) for vertical flatness filter. Howewer, if the main
anomalies inthe pseudosection are elongated horizontally, you
can choose a smaller weight (for eq. 0.5) for the verical filker,

“erical to horizontal filter weight: |1 on
Ok, | Canc:el‘

10.1.5 Usediagonal filter

The normé&roughnes filter used hascomponents in the and z directions mly (Figure 22a).
Thus, it lasa tendency to mduce structures alignedbag the x and z directi@an Toredwee this effect,
the roughness filter used can be madif so that it has comportenin the diagonal directins

(Farquharson, 2008) as We-igure22b).

X —» (h] X —»

(@)

Figure 22. Types of roghnessfilters (a) Haizontal and vertical components only. (IDiagonal
components as wel
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10.1.6 Use L-curve method to select damping factor

In this opton, the optimum daping fador is automaticail determined by the prograusing the
L-curve methodFarquhasonand Oldaburg 2004. This method essentially es@tes the data misfit
and tke modd roughness for a laje range of the damping factvalues.On selecting this @tion, the
following dialogbox is shown.

Use L curve method

“'ou can selectthe L curve method to estimate the optimum damping factar for the inversion model.
Usethe L curve method? - ¢ Mo, do notuse L curve ™ “es, use L curve method

[f wou use the L1 narm for the model roughness or data misfit, wou can use the the same norm for
the L curve method, ar always use the LE norm method within the L curse algonthm.

Use the same norm? - ™ Mo, always use L2 norm * Yes, use same norm

If vou choose to use the L curve method, it is recommended that wou use the madel refinement

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

Type of model cellwidth - & Cells with 1 unit spacing width " Cells with 0.5 unit spacing width
The L curve method will usually select reasonable damping factorwalues. Howewer to prewent the
inversion from becaoming unstable in rare cases where the method does not select a reasonable

value, the program will setthe upper and lawer limits for the damping factor value as shown
below. You can adjust the limits by typing inthe new values.

Minimum allowed damping factorwvalue = [00100

Maximum allowsd damping factorvalue = [01800

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

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

K Cancel

The firstoption is to select the asof the L-curve methal to estimate the optimum damping
factor. The second option is onlelevant if yo u u s e utshted -fioRmw roétHod in déng the
model roughness figr and da misfit vector (gction 11.2.1). This optioallows you to use the e L1-
normmethod within theL-curve routine or use the standéa2inorm method.

The L-curve method ssaumes the data isfit and the model roughneschangesni a smooth
manner \ith the campng factor so that a unique point of maxiom curvature is obtainedrigure23). In
some caes, particularly with very large resistity contrasts near the sade the dandard model
discretization (where the widtof the moel cell is the samas the uit electrode spanpg) can results in
smakilnlksd i n tdicehe dfecrof amysinglE snodel eell on the total model rdutess, it
is recommended #t a finer model discretizaon with model cells of halthe unitelectrode spacingn(
the thrd option in the dalog box) is used. The @ioth option allows the uséo =t lowerand upger limits
on the damping factor. If the ohgping factor determined e L-curve method falls otside these limits,
the valee is trimmel to the lower or pper limit. The fifth optionis for rare cases wherae damping
factor increase afte aniteration. This option allows the user to ensure @a$ not increase.

In the pogram, the damping factor alues tested range from 0.@1 100 tirmes the trial value.
Figure 23a shows the variation of theodelroughness withthe data misfit for theBLUERIDGE.DAT
data set for damping factor vaésranging from 0.000295 @ 2.95. Figure 23b showsa got of the
curvaure of the curve againtte damping factor valu&he ogimum vdue is ®leded at the point with
the maximum curature value. The calculatie are caried out interndy by the program for a raegof
dampirg factor values. Ithis exanple, the trial vale used is 0.0295 whiledtoptimum value calculated
is 00142
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Figure23. Example Lcune plot to determine the dptum damping factor for theBLUERIDGE.DAT
data set. (aYariation of model roughneswith datamisfit for a rangeof spatial damping factoralues (a
few values areshownnearthe correspnding points), (b) variation of the curture of the Lcurve with
the damping factor.

10.1.7 Reduce variations near borebles

In sone field survey crasborehok data sets, largeesistivity variations arebtained in the
inverse nodel rearthe boreholeelectrodes (Ellis and Oldenburg 1995).i$loption uses higher danmgj
factorsfor the model dés near the boreholes todece suchrifacts. Selectinghis suboption will bring
up the following dialog bw. You can set the degrem which the \ariatiors near the borehole are
reduced, and alsthe rate at which the adiiba dampng value is redced with distance from the
boreholes. h this option, thedamping &cbors are set usinthe distances of the meldcells from the
borehols.

il N
Reduce vanations near boreholes

For some cases. the model cells that are near to the boreholes
can show wery large resistivity wariations. The fallowing option
allows wou to reduce these variations. Select “ves'to reduce the
model resistivity wariations near the bareholes,

i+ “esg " Mo

“'ou can setthe degree inwhich the wariations near the barehales
are reduced by changing the value below. A larger wvalue will result
in smaller variations nearthe bareholes.

Damping factor to reduce wariations © [5.00

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

Rate of damping factor reduction : 1.00

0] | Can:el|
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10.18 Use sasitivity values to damp variations near lmreholes electrodes

On seleting this option, the folbwing dialog box is shownnlsome sureys with subsurface
electroees,prominent artiicts are observed near gwbsurface electrodes (kmetal. 2015. Thisoption
uses the sensitivity values to $ké damping factors. Highelamping fadors are usedof model cells
with higher ®nsitivity values to suppresbe artiics. This methods more useful in cases wieemany
of the electrodelistedasé behale etdrode s 6 ar e act ual | atarenotracually asede ct r o
Onesuch stuation is when dorizontal line of subsurée electrods is used (Loketal. 2015.

i '
Reduce variations near electrodes using sensitivity values

To reduce the resistivity wvariations near the borehole electrodes, you can use the sensitivity
values. This is more useful in cases where not all the bareholes electrodes are used, for
example when the subsurface electrodes are actually arranged along & horizontal line.
Do wou want to use the sensitivity walues to setthe damping factors?

* “Yes - use the sensitivity wvalues " Mo -do not use the sensitivity values

'ou can setthe degree inwhich the wariations near the electrodes are reduced by changing the
walue below. A larger walue will resultin smallerwariations near the electrodes.

Damping factor increase to reduce variations - 3.00

You can also control the degree the wariations near the electrodes are supressed depending on
the sensitivity value. A smallerwalue will resultin a greater reduction in the resistivity variations in
pans ofthe maodel that hawe higher sensitivity values.

Rate of damping factor reduction with sensitivity - [2.00

Cnly maodel cells above a set cutoff sensitivity walue will be subjectta a higher damping factor.
Cutoff sensitivity walues to set higher damping factor - |0.20

(0] | Cancel |
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10.2 Forward modeling settings
This gotion sets the parameteused or finite-differernce or finite-element forward modeling
subroutine used to calculatiee apparent resistivity vdues using the following diag box.

Forward modeling method settings

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

" Choose 1 node " Choose 2 nodes ® Choose 4 nodes
The 1 node option should only be used for data from surveys with a moving cable. such as an aquatic
survey. The distance between two electrodes in an array should be at least 2 times the distance
between adjacent electrodes positions along the line
Ratio of minimurm electrode separation in an array to data sampling spacing  1.00
Vertical mesh size

This option sets the mesh size if the vertical direction. Using a finer mesh will give more accurate
calculated apparent resistivity values, but it requires more more computer time and memory. It is
recomended that you use the normal mesh if the resistivity contrasts are less than 50 to 1. For larger
resistivity contrasts. using a finer mesh can improve the inversion results. For contrasts of over 500
to 1. try the finest mesh option

@® Normal mesh " Finer mesh " Finest mesh

Type of forward modelling method
You can choose to use the finite-difference or finite-elernent method for the forward modeling
calculations. The finite-elernent method is always used for data sets with topography or cross-borehole
measurements

® Finite-difference method " Finite-glement method
Automatically adjust grid size
This option enables the program to autornatically adjust the mesh size used by the finite-difference

and finite-elerent methods when it reads in a data file so as to optimize the calculation tirme. If you
prefer to use a fixed mesh configuration. select the option to disable this setting

@ Disable automatic grid size " Enable automatic grid size

Cancel

10.2.1 Horizontal mesh size

You can choose a esh grid used by the forwgh modeling program to hav2 or4 nodes
betweenadjacent electrodes (Figure 24). With 4des per electrode spacirthe calcuated apparent
resistivity values would be nre accurateg(particularly for large regstivity contrasts) However, the
computer tme and memory required acerrespordingly large. By default, the program will use the 2
nodes option if the datats@volves more than 90 eldrode positions. In normalurveys wih electrodes
plantal into the gound, the spang between adjacent elanties is usually the same theminimum
spacingbetween two electrodes used in an array.durveys using a mobile lda system such as the
OhmMapper on land or a streamaraquaticsurveys, the spauj betwea adjacent electrogs along the
survey line an be several times smalldhanthe minimum spa&ing between two electrodes used in an
array used for the measuremenfor sud data sets, thé 1 nodedé opt tocgeducechtan be
calculation timeand memoy required by théorward modeling routine.

Electrodes
4 C; C3 Csy Cs Csg Gy Cg Cq

Layer1

Layer 2

Layer 3

Layer 4

Layer 5

|:| Single model block (| Mesh cell

Figure24. Schematicdiagiam of mesh and model cells used byard modeling routine. Thiexample
has 4 nodes betvem adjacent electrodes.
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102.2 Vertical mesh size

This gotion allows you to use a fier mesh (in the verticalirection) for the finitedifferenceor
finite-element method Figure24). Themodel for a survey lineon the surface normally use finer nesh
for the top twoayers,anda single meshine for the deeper layerghis option allows the @sof afiner
mesh forthe deeper layers. The apparent resisyiwalues calculated will beore accuate with a finer
mesh, but the computer tined memoryrequired will be geater. he use of a finer mash can give
better result for cases where subsuwaresstivity contrass of greater than 20:1 is expected. TiEs
particularly useful in Beas wherealow resistivily layer lies below a high sestivity layer.

10.2.3 Type of forward modeling method

This program allows you tase either the finitelifferen@ orfinite-elemrert method to calculate
the apparent redigity values. By defaultthe progran will use the fhite-difference method whicks
fasterif the data set d@enot comain topography. Ithe data set contains wgraphy, the default chaas
the finite-elemen method.

10.2.4 Automatically adjust mesh grid size
This option dbws the pogram to automatally adjust the mesh paraters wherit reads in a
datafile. For example, if it isa survey line with many elct r ode s , t tweenadj@entn o d e s 6
electrale postions option is automatically seliedl. However, this optioran be disebled to use theasne
settings for all data &

10.3 Inversion progresssettings
Thefollowing set ¢ options control the patthe inversion subroutinekesduring the invesion
of a data set. The stdptions menus shown below.

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

Inversion Damping Parameters r

Forward modeling method settings

Convergence limit

Inversion Progress Settings k r Line search local optimization
.3

Data/Display Selection
MNumber of iterations

Save inversion parameters L
P Model resistivity values check

Read inversion parameters r

10.3.1 Line sarch local optimization

The inversion routine datmines thechange in the modglarametes Dg from solvingequation
(4.1). It attemp to find the optimum amiplide for the paramete charge vectorDg using quadratic
interpdation if this option is eabled.

10.3.2 Convergencdimit

The program has two ethods toest for convergencd he firstis the relativechange in the RMS
error béween 2 iterations. By deilt, a vdue of 5% isused. This is used to accommodate differelata
sets with differentdegrees d noise presentThe second is the RMS datasfit itself. This sets the
percentageRMS error in the inersion of the apparentgistivity data where therpgramwil | stop after
themodel produce has an RMS error ldsart this limit. Normally azalue of between 1% and 5%hould
be used, depending t¢ime qualiy of the data.
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v N
Choose convergence limit

Ifthe change in the RS error after an iteration is small, it usually indicates that the
inversion process has converged. Futher iterations usually will notin significant
reductions in the B3 errar. In the program. one conwvergence limitis given as the
precentace change in the BMS error after an iteration. A wvalue between 110 10 2
is narmally used. Enter the percentage relative change in error for the program to
use as the convergence limit below.

Error change convergence limit (361 |5 o0

“'ou can also set the percentage RMS error itself as the conwvergence limit. The
irvergion process will stop after the percentage BMS error has been reducedto
below this wvalue. Choose arealisticvalue based on the quality of the data. A
smaller RS error does not always give a model. A wvalue of between 2 and & %
i5 commonly used.

Enter %4 BMS error for convergence : [1.00

(0] | Cancel |

-

10.3.3 Number of iterations

This allows the user to stte maximum number of itatiors for the invergon routine using the
following dialog box By default, the maximumumber of iterations is seto 5. For most data setsjghs
probaly sufficient. Wha the invergon routine realees this maximum limit, itwvill ask the user for the
numbe of addtional iteratons if you wish to continue with ¢éhinversion process. It igswdly na
necessary to @smore than 10 iterations.

; B’
Choose number of iterations

Y'ou should narmally select between 5o 10 iterations for the |east
-gquares inversion subroutine. The program will usually converge
within 4 to 6 iterations. There is narmally no reason to use more
than 10 terations. Y'ou can also increase the number of iterations
within the least-squares inversion subroutine if necessary.

Mumber of terationstouse: |
oK | Cancel‘

10.3.4 Model resistivity values check

The program willdisplay a warning if aftean iteration in the inveion d the dda set,a modd
resistivity value becomes too la&gmore than 20 times theaximum apparent resistivityvalue) or too
small (less ttan 1/20 te minimum apparentesistivty value). This opon allows you to disabl¢he
warning using the diag boxbelow.

i N

Model Resistivity Check

“ou can setthe program ta check far unusually high or
low madel resistivity walues produced by the inversion
subroutine. If wau wish, wou disable this check.
Selectyour chaice below.

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

K, | Cancel
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10.4 Data/Display Selection
This section has @jns for display of the s#ions during the inversion The following sub
optionswill be shavn on selecting tisi option.

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

Inversion Damping Parameters >

Forward modeling method settings
Inversion Progress Settings >

Data/Display Selection k 4 Option for contour intervals

Save inversion parameters = Type of gradient array plot

Read inversion parameters

10.4.1 Option for contour intervals

By default, the program will se logrithmic contourintervals for the pseudosections and mode
sections when displayirtperesultsi n  t heo md noptriso n i MrhigisusallyMlzeibest Me n u .
choice for met data sets. Howey, you can choose to usee linear or the user deéd ontaur intervals
options if you wish.

- 5
Contour interval option

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

" Linear contour intersals

+ Logarthmic contour intervals

" User defined linear contour intervals

" User defined logarithmic contour intervals

(0]4 | Cancel |

10.4.2 Type of gradient array plot

There iscurrently no standard metid to plot the apparent retivity dag from surveys with
gradientaray. There arerpbably two types of surys with the gradient arrayrhefirst ard tradiiond
type survey use very few differentl€C2 positions (usually oplone with C1 and C2 locat at the two
ends of the lie) but manydifferent P1P2 pgitions. This was mainly usk in mineral exploration
surveys. The second and nmevd type, mainly usedwith multi-channel multielectrode resistity meter
systems, uses muw different C1-C2 positios (a multiple gradient arrqy To accormodate both
possibiities, two types of data jitting options are availéd As most surveys wilikely to be caried ou
usng the second type of survey with riple C1-C2 positions, thids described in more detdi The
papers by Dahlin andhou (2004,2006) have some fiarmationabout such surveysOn selecting the
O0Typego adi e roptionatre fdkowirdg dialog tox is shown.

B ' Methed of plotting gradient array pseudosection L&J

At present, there is no universal method to set the position of the data
points for the gradient array. You hawe 2 choices inthis program. One
method is to use an approximate pseudodepth that is only dependent an
the distance current electrode and the potential dipole length. The second
method is to use the exact pseudodepth which also depends on the
position of the potential dipaole with respectto the current electrodes.

" Use approximate pseudodepth * Use exact pseudodepth

(0]:4 | Cancel
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The 6Use e xpatcht® pcsheoui dcoed epten. Hovever, thee pragnan| wiill
automatically chang® the appoximate pseudodepthethod f it finds the exacpseudodepth method is
not suitable for the datalé, sich @ for surveys with the traditional type of gradientrays where only a
few CLC2 positions are used.Figure 25 shows a plotof the datafrom a survey sing the multiple
gradientarray by Aarhus Universit (for the Darnish Roadand Highway Association) in the form of
profiles. Note that each pseadepth is split into two profiles shown in differentolors. Thee are two
arrangerents with the same pseudodip for norsymmetrical cofigurations of the gradig¢narray
(Figure 26). The distance between the @hd C2 electrodes are theasne, but the offset of thel#P2
dipolefrom the C1 electde in (4 is the same aseldipole offset from the Zelectrode in (b). Howeve
the two corfigurations are sensitive to different parts ofettsubsurface (Dahlin and @h 2006). To
provide a smaih plot for the profile, thedata fromt he o6r i ¢ h tddguraiomd areddlodd in
different profiles.

P1-P2.C1-C2 Cromer-project: from Kollundvej south through highway M offset
R ‘*-—“_
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Figure25. Plot d a multiple gradient array data set inetfiorm of profiles using ect pseudalepths for
the CRFOMER2.DAT file.

a).
C4 R R C,
k) ¢, BoR C,

i L

Figure 26. Two different configurations ofthe gradient array with thsame pseudodepth but lwvihe
potential electiodesat different sides of the array. Giiadt array configuration wh (a) right parity and
(b) left parity.
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If the progranfinds thatit is not practichto plotthe profiles usinghe exact pseudodepthwitll
automatically switcho the agproximate pgudodepth method. For each €12 spacingthe data is split
up into ®veaa prdfiles that are pitted using different colorg-igure 27). Figure 28 shows tte inverson
modé of the CROMERO2.DAT data and the appadnessistivity pseudosectisn

Cromer-project: from Kollundvej south through highway P1-P2,C1-C2
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Figure 27. Plot of a CR®MER2.DAT mdtiple gradient amy data st in the form of pofiles using the
approxinate pseudodepth method.

Cromer-project: from Kollunduej south through highway
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Figure 28. The inversion result of theROMERO2.DAT data set witthe appaert resistivity and model
sections.
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10.5 Inversion parameters

You can savéhe invasion settings useth a text file so that # same settings can be dder differert
data ets. Note when the program starts up, ithautomatically read thénversion parameters in aile
RES2DINV.IVP located inthe same flder as the RES2DMX64 progam which stores th default
settings. You aachange the default seitys bychanging this fle.

10.5.1 Save inversion parameters
This option saves the invéos parameers into a filewith the IVP.

10.5.2 Readinversion parameters

This opton readsback the parametsrstored in a file with # IVP extension and usekem inthe
program. RE2DINV_NEW.IVP is an example file that ct@ins more inversion paratess. Thes files
canalsbe used by tdpgonn6Batch modeo
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11 Inversion menu @tions

This option enablesqu to carry out the inveimn of the data set thaby hadread in using te
"File - Read data file" option. You caaiso display the arrangemieof the blocks used by #hinversion
model, as well ato changesome of the paraners thatcontrol the inver®n process. On selectiris
option the followingmenu wil be dsplayed

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

Calculate region of investigation index

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

11.1 Inversion options

11.1.1 Carry out inversion

This optian will stat the leastsquaes inversion routine. Youilwbe askel for the name ofhie
outputdata file in whichto store the results, artde contour intervals fathe peudbsedions if you had
chosen the user defined optionr fthe contour intervals. Ding the nversion processafter each
iteration, the ppgram will display the invers model ecion on the scree If a conventional arraglata
set is used, the mearedandcalaulated @paren resistivity pseudosections willsa be displayed.

11.1.2 Calculate regon of investigation index

This option caiies out twoinversions of thalata fileusng different réerence resistivity values
(Oldenburg and Li 1999) 0 useit, first readn the data file, for example the beta.dé¢. Next go to the
'Inversion' meru, click the secad menu option from the topalled 'Catulate region of imestigaton
index'.If you had not earlier selecteddlsettings to be used fibre DA caculation (®esedion 11.2.12)
a dialog box with thdist of parameters will béeisplayed. After setting tle parameters, the programliwi
then cary out the inversio of thedat set twice usim difference background ference models (section
11.2.5).Therealts wilbesaved i n two f i Ingos. Awecardhof tferiewllialobed e xt e
savedt xtnd af io6l e .anbeltused n 6t k & 6 Otibri tsgadinthedvorelp ed o601 nv 6 f i
for the DQ display. As an exampld, the dat file betada was used, the program will produce tiiles
beta DOI1.INV, betaDOI2.INV and beta DOI_FILESXxt. Please refer to AppeixdF for mae details
on the ODI calcuktion method.
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112 Inversion Methods and S#ings

These set of opti@aallon you to selectthe type of regularized inversion methaal tise.The following

list of sub-options will be showron selecting this option.

R% RES2DINVx64 ver. 4.8.1 :- 921 - D:Res2dink4\GLADOE2.DAT

File Edit Change Settings |Inversion | Display Topography Options Print Help
Carry out inversion
Calculate region of investigation index

Inversion methods and settings k 4 Select robust inversion
Model discretization R Modify smoothness-constrained least-squares method
Choose logarithm of apparent resistivity
1tV 1 13 -
(b22E) Sy Crpiens Type of method to solve least-squares equation
LP. options 4 Use reference model in inversion
Batch mode options 4 Fast inversion of long survey lines or large data sets

Use fast Jacobian routines for dense data sets

Set time-lapse inversion settings

Floating electrodes survey inversion method

Limit water extent for underwater electrodes survey

Set DOI parameters

11.2.1 Select robust inverson

This allows you to selet the smooth (L2 norm) othe robust/blocky (L1 non) inversion
method. ®leding this menu subption will bring wp the following dialog box.

1 | Select robust inversion

S22

SelectLl orL2 norm
the square of the difference between the chserved and calculated apparent

points but might give a higher apparent resistivity RS error.
Selecttype of data inversion constraint

Enter robust data constraint cutoff factor: {00500

-squares model constraint. If there are sharp boundaries, choose the robust
maodel irversion constraint.
Selecttype of model inversion constraint

Enter robust model constraint cutoff factor : {00050

the sides of the model when the robust model inversion constraint is used.
Lirnit range of model resistivity values?

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

Do wou want to enable all of the abowve options?

QK | Cancel |

* “Yes - use robust data constraint " Mo -use standard data constraint

Do wou want to reduce the effect of the side blocks on the inversion process?
This might reduce the occurence of wery high orwvery low resistivity values at

YY'ou can choose the standard least-squares constraint that attempts to minimize

resistivity values. or arobust constraintwhich is less sensitive towvery noisy data

If the subsurface resistivity changes in a smooth manner, use the standard least

* “es-use robust model constraint Mo - use standard model constraint

@ Yes-reduce effect of side blocks  © Mo -donot reduce effect of side blocks

" Yes-enable all ofthe options {* Mo -donot enahble all of the options

The corventional leastsquares method (‘standard @atonstraiti) will attempt tominimize the
squareof difference between the measliend calculated apparamisisivity vaues. Ths method gives
reasonable results if thkat a cont ai n gssamda mEoblowever  ifthédidata set contains
fi o wetrloi dimg (aherp the nge comedrom nonrandom sorces such mistakes or epoient

problems), this metid islesssaisfactoy. Such i o u t

er o

d a t geeat mftuennetos thec ou | d

reailting inversion model. To educe t he af f & apomts,tha lsl ua methodirobust
data consaint’) inversion methodvhere theabsolute difference (o the first powea) between the
measured and calculated apgnt resistivity values iminimizedcan be used (Cé&bout and Muir 1973).
Thereis a cutoff factor which cotrols thedegree in which tfs robust data constrais used. If a value
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of 0.05is used, this means lie effect of data points where the diffages in the measured andotdated
apparent resistity values are much greatéian 5 percet will be greatlyreduced.

The conventional smothnessonstrained leastquares method (deGreldedlin and Congable
1990) also attempts to minimize ttsgjuareof the changes (L2 norm) the model resistivity values. This
will produce a modelith a smath variation in tle resiswity values. Such aiodel is more suitable
where subsurface resistivitglso chargesin a smath manner (Lokeet al. 2003). However, ifthe
subsurface bodies hawkarp boundaries, such athe soitbedrock interface romassive bmogeneous
bodiesthe convational leastsquaes smoothnessonstrain m#hod tends to smear the ladares. If the
robug modd constrained inversion method iseds the program will attenigo minimize theabsolute
changes in the resistivityalues. Thisconstraint tendsot producemodels with sharpnterfaces between
different regions with differentesistvity vaues, ba within each region the resistivity valug almost
constant. This mght be mae suitable for aeas where such a geologis#tuationexists, such as treoil-
bedodk interface.

As an exampleFigure29 shows theinversion results for a synthetic modeitlva faulted block
(with aresistivity of 50 ohm.m) m the bottordeft side and amall recangular block (1 aim.m) on he
right side withn a surrounding medium waita resistivity of 10 ohrm. A testdataset wasyererated for
the Wenner arrayHgure 29). The mode produced by the standar@dstsquare method has a
gradational urdary for the falied block Figure 29b). In commrison, the model produced by the
robust nodel inversion method habaper andstraighter boundries Figure29c). A field example with
shap boundaries was shownrher in Figure 14 for the Magusi River resistity and IP data set. The
man structure, the massiveudphide ore body, by natuteas a distict and sharp redisity/IP contrast
with the surrounding igneous/metampdic country rocks. In #n RESDINV x64 program,this robust
model option can be selecttdy c | i c ki ng ¢l toestraiit o boupstté onfioSde he a¢th r o |
i nv e rdilogphoxdThere is a cubff factor which controls the égree in which this robushodel
constrain is usedf a largevalue is ugd, for example 1.0, the result is essalfyi that of the conventiai
smoothress-constraineddastsquares inversion mettiolf a vely small value is usd, for kanple 0.001,
the result is close to the truel-norm inversion method.

a). Fault and block model

Heasured Apparent Resistivity Pseudosection

b). Standard least-squares smoothness-constrain

Depth Iteration 6 RMS error = 8.3 %
8.8 16.8 32.0 48.08 mn.

R
2.2

- W
~ e

Inverse Model Resistiwity Section

¢). Robust inversion model constrain
Depth Iteration 6 RHMS error = 0.4 %
0.8 16.8

Inverse HModel Resistivity Section
I N N BN N [ | [ () (T D N N B
2.808 ay 8.808 12.7 28.2 32.8 Le.8

3.17 5.

Resistivity in ohm.m Unit electrode spacing 1.0 m.
Figure 29. Example of inversion refts using the smooth andbust inverson model consaint. (a)
Apparent resistity pseudosction. The inversin modelsproduced by (b) th conventional leasiquaes
smoothnesgonstraineanethodand(c) the rolug or blocky inversion method.

11.2.2 Modify smoothnessconstrainedleast-squares method
Seleting this option will bringup the folbwing dialog box.
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Medify smoothness constrained least-squares method

You can selectthe option to apply the smoothness constraint in the leastsquares
equation on the model perturbation wvector only. or apply it on the model resistivity
values as well. For cases with very noisy data better results might be obtained by
applying the smoothness constraint on the model resistivity values as well. *While
for the same damping factors this usually produce a model with a larger apparent
resistivity RMS error, this modification will ensure that the resulting model shows
a smoother variation in the resistivity values.

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

™ Mo-apply smoothness constraint only on model change wector

This option comhbines the Marquardt or damped least squares methodd with the
smoothness-constrained method. It seems to give better results in resolving
compact structures where the width and thickness are slightly smaller than the
depth, such as a cave or ore-body.

" Yes-include damped leastsquares constraint
* No-use smoothness-constraint anly

0K | Cancel |

The firg option in the ditog box allows the user tapply the smoothness carant onthe model
charnge vector alone, or also on the modesistivity values. Applyinghe smoothness constraint o the
model change vector aie modifiss equation (4.1) tdhe following form which isused by some
researcheréSasaki 1992)

(J'J+/F)Dgk =J"gk (11.1)

whereDgk is the model parameatehange vector.

This secad option, combining the daped least squares methodtiwithe smothness
constrainedmethod, $ intended for usén unusual sitations where the data sensitivity wes ofthe
model blocks are significantly distorted by large ris$ivity variations. It modies the leastsquares
equation to the following form.

(J'J+/ (F+l))Dgk =J"g- /Fgk1 (11.2)

In same situations, such as a ey over a very low resfivity bady, the curent paths could be distorted
such that pds of the subsurface aretneell magedand have veryow data sensitivity valuem the
inversion model. Thigould lea to large distortins just below the low regigity body. By combiniig
the Marquard (or ridge regression) and Occam (or smoothnressstrained) inversion metts, the
distottions in somecases might be reduced. $hiption sbuld be used as adt resdrif everything ele
fails! It seems to give ber results in resolvip compct structures vihere the width and thickness are
slightly smaller than the depth, Sues acawe orore-body whae size is just slightly leghan itdepth.

11.2.3 Choose logaithm of apparent resistivity

By default, the ppgram will use the logidhm of the gparentresistivity values as the data
parameter Wwen carrying out the invam). For mostcases, thisiges the best results. Inre@ cases,dr
example with neagtive orzero apparent rediwity, this is not possibleThis option enables ¢happaent
regstivity value by itself to be used for such sitiams.

Choose logarithm of apparent resistivity

Y'ou can selectto use the logarithm of the apparent
resistivity values in the inversion, ar directly use the
apparent resistivity values,

f+ UUse logarithm of apparent resistivity

" Use apparent resistivity

(0] | Cancel
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11.2.4 Type of metod to solve leastsquaresequation
This option allowsyou to chase two different mthods tesdve the leassquares equation (4.1).
On sekcting this menu optiorthe following dialogbox will be shown.

N
Type of methed to solve least-squares equation

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

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

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

" MNo-donotuse scaling. @+ Yes-use scaling.

Cancel

\ 4

The 06St an-Neawtdo n@Esquadsss angthodhat calculaes an exacsolution of the
leastsquars equationshould be used the numbe of data points ator model cells is small€ks than
a few thousand)if the rumbe of data paints and/or model cells is large (mdhan a few thousand), the
time takento solve the lest-squares equation could lige most ime-consuming parbf the inversion
process. Taeduce the inversion tima@n alternative method @h catulatesan appraimate solution of
the leastsquares equaton usi ng t haasNewtem © et Ican tbeisedG This uses an
iterative linear cofugategradient mdiod to stve the leastsquaes equation. The user cant gbe
accuracy of the dation. For most datasds, an accuracy of about 1% (i.e. a ceryence limit of 0.01 in
the a&ove dialog box) seemsa provide a solution that ialmost thesame as that obtad by tle
&tandard GausNewt on & met h o dher a@wacyt, fornegamgzl0.5% il in theorygive a
result that is even closer to theSt a n d a-N d w (G a héd bumnthig is at the expese of a longer
inversion tme. The inomplete Gausslewton methodhasan option to sae the matrices in order to
improve the convergenc# the iteraive mettod used.

11.2.5 Use reference model in imersion

The leastsquaresquation 4.1) minimizes acombination of the model srathness anthe data
misfit. Sometimes,an additional congaint is used where the meldmust be 'close' to s® retrerce
model asshown below.

(J'J+/ (F+m)) Dgk =J"g- /Fqk-1- / m(Qk-1 - gm) (11.3)

An additional damipg factor /mthat controls he degree Were the inversiomodel is'close’ to a
reference modelgm is used The reference model is usually omogereous half-space model. The
following dialog box showshe settings that can belesgted by the user.

"
Use reference model in inversion

A background reference model helps to stabilize the inversion model by reducing
larye depantures from a fixed resistivity wvalue. A homogeneous reference model
will be used. Selectyour choice below.

f* “ves-lse reference maodel " Mo -donotuse areference model
The damping factor for reference model controls the degree which the resistivity
warigtions from the background model is constrained. A larger damping factar will
resultis smallervariations. &walue of between 0.01 and 0.10is normally used.

RFeference model damping factor: {0010

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

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

0K | Cancel |

Copyright 2022, Seequent



79

The user can set thdamping faor (1) aswell as the resistity for the reference modeBy
default, the program will use the average o Hypaent redstivity values as the constant resistivity
reference model. However, thisfezence resistivity value @n be changedytthe user.

11.2.6 Fastinversion of longsurvey lines

Clickingthe'mst i nversion of | ong dspaytvwedlNowihgidialag bod. me n u

-

Fast inversion of long survey lines

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

¢ “Yeg-use optimized Jacokian calculation " Mo -use normal calculation algonthm

This data sethas 6912 electrode positions with hit ratio 0.94.

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

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

Ilse fast calculation of Jacobian matrix?

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

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

Far sparse inversion, if the ratio of the minimum distance between two electrodes in an array is
rmore than 4 times the nominal distance between electrodes positions alang the line, wou can use
the option to set1 mesh node between the elctrode positions to reduce the calculation time.
Ratio of minimum electrode separation in an array to data sampling spacing ;. 16.00

& “es-use 1 meshnode " Mo-use atleast 2 nodes

QK. | Cancel

The first option is to usan optimized method to aallate the Jacobian matrix.This can
significantly redwce the calalation time withoti affecting the accuracy athe values and should give the
same inversion modek hedefaultmethod.

The second method is to use a fast mdtho calculate the Jacobiamarix by excluding the
model cells thatare far awayrom the eéctrodes used in array. The Jacobian matrixalues and thus
the inversion model will be slightldifferent from that dtained using the standard method, but the
difference is normally snila(less han 5%).

The third method, usig sparse inusion techiques, is intendefbr long suwvey lines with B0
electrodes positions or more. This method will troduce acontiguais model along the entire survey
line buttakes advantage of the spanature of the Jacobian atrix to reducghe number bcalculatbns
needed. The redts will beslightly different (usually less than 5%) from that obtained ushregstandad
method. f the sparse inversion method is selectdtg user can choose thetiop to sé 1 horizontal
mesh node betweeadjacent eletrode pogions. This shoulabnly be sedif the data cdection interval
is much less than the spacing betwehe electrodes in @ aray. This normally occurs when a madbil
system is used for the tdecollection. As an exampl, an OhmMappesystem mighuuse a spang of 5
meters baveen thalipoles in the calesetup. However, it is possible to take readingsvaty 1 meterby
pulling the system along the ground surfack this case, the data salimg intewval is onefifth the
spacing beateen the eldcodes in asingle array. Thénversiontime can be redudéy slightly more than
half by setting a 1 node irtvd betweenthe eletrodes positions occupied compared to thefault 2
nodes option.
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11.27 Usefast Jacobian roudines for densedata sets

This optionuses an optimizedoutine fa calculating the &obian matrix values for data sets
where the numbeof daa mints is mut greater than the number of electrodessdsn making the
measuremds. It uses an alternativalgorithm to ckulate the dcobian matx values which ca be
signficantly faster tbn the standard routines. The expected reductiothercaculation time for the
Jacobian matrix will be displayed the dialog box. As a gudthis ogion should onlybe used when ¢
expected réuction ismore than 20%. Notéor somevery sparse dataess, this routine can be even
slower than the standhmethod. This will be indicated by a negative value for theperted reduction in
the catulation tme.

Use fast Jacobian calculation for dense data sets

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

Estimated reduction in Jacobian calculation time : 41 8%

' Mo, use standard routines " Yes, use fast Jacobian routines

0k | Cancel |

' 4

If this option is selectd, the firsttwo setting in the previoust i o stinvérgtom of lomgy
surveys | inesdé wildl be automatically turn off

11.2.8 Set time-lapse irversion settings

To study the changes tfe subsurface resistivityith time, 2-D surveys areepeated overhe
same lineat differert times. Such studs inclue the flow of waterthrough the vadose zone, changes in
the water tablelueto waer extracton (Barker and Moore 1998), flow of chenailcpollutants and leakage
from dams. The settings usdly the inversin method arshown belaov.

Set time-lapse inversion settings

Flease enterthe cross time model damping factor. Avwalue of 0.5 10 5.0 is normally
used. lf awalue of 0.0 is used, the inversion of the differenttime series data sets
will be carried outindependently. If avalue of 1.0 is used. equal weight will be
given to reducing the difference between the models at different times and the
individual model roughess. Use a larger damping factor for maore noisy data sets
to reduce arnefacts in the models caused by the noise.

Time lapse damping factor: [0.5000

This refers to the type of constrain to be used in the time-lapse inversion. You can
choose to hawve no canstrains, where the inversions far the different ime data sets
are carried outindependently. This is probably notthe best possible choice since
itis expected that the resistivity model for the later time data set are closely
related to the model for the preceding data set. You can choose a constraint to
ensure the changes in the resistivity walues of the corresponding model blocks are
smooth, or that they are blocky.

" Mo constraints + Smooth changes " Blocky changes

(0] | Cancel ‘

The timelapse inverson equation (Kimetal. 2009 Lokeet al.2014) is given by
[JTJ+/ (F+aM™RM) ] Dgk =J"gk - / (F + a MTRM)Qk-1 (114)
The rehtive importance given to imimizing the difference bgveen models at differentnties is
contolled by the timdapse @mping factora. A larger value of the timdapse damping factor will foe
the different time modds to be more similar but ahe expese of a larger data misfiRucker et al.
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2011a). Theuser can also modify the tmdifferene roughness filteto selet smooth or blocky
differences between the time models (Kim 2010; Letkad. 2014).

11.2.9 Floating electrodes survey invelign method

This set of options is fodata from a survey with lbating electrodes where thikicknessand
resistivity ofthe waer layer was measureduring the survey. On clicking this saiption, thefollowing
dialog boxis displayed.

-
Floating electrodes survey inversion method

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

 Use fived water layer &+ Incorporate water layer into the mode|

[fwou select the option to incorporate the water layer in the model, you can choose to
minimize the resistivity wanation within within the water layer or to allow the water
resistivity to wary freely. Choose the first option if the resistivity of the water layer
is accurately known, otherwise select the second option.

& Minimise water resistivity variation  © Allow water resistivity to wvary freely

[fwou had selected the option to minimise the water layer resistivity variation, the
following darmping factor value contrals the degree which water resistivity is allowed
towary. A higher value will results in a smaller resistivity wariation.

Water resistivity variation damping factor: [40

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

& Select sham change " Choose gradual change

Ok I Cancel |

There are two nthods thaican be used for the invérs of the data set. The st method (Use
fixed waterlayer) is nore suitable wherhe maxmum thickness of thevater layer is small (less than
20%) compared to theaximum cepth of investigation of the survey configation. Figure 30 below
shows the inversion of tH&WATER_FLOAT.DAT data set usinthis method A distorted fhite-element
grid is used to model the water lay&éhe maimum thicknessof the water layer in this exantg@is 2.5
meters that is small compatto the maximum depth oinvestigation at about 15 riegs for tle data set.

Floating electrodes survey
P52 50 16.0 2.9 9.9 64.0 80.9 96.9

0.892
2.0
3.85
5.58
6.97

9.62
1.5

14.6
Heasured Apparent Resistivity Pseudosection

Hodel resistivity with topography
Eley.  Iteration 7 Abs. error - 0.45
[N,

-2.00
4. 00,
6. 00
8. 00
-10.0
“12.0
-0
-16.0
-18.0
-20.0

I N (R () (R (N () (O .. Unit Electrode Spacing = 1.80 n.
1 2 4.00 .9 8

8.00 16,0 32,0 64
Resistivity in ohn.m

Figure 30. Example of inversion model with a fixed water day The inverson resilts of the
WATER_FLOAT.DAT datais shown vhere the resistivity watdayer (represented by theop blue layer
in the model sction) isfixed and model extnds fom bdow the water btiom.

121

In cases where the thickness of the water rldgedgnificant, a seond inversion method
(Incorporde the wagr layer into the model) imore suitable. The wateralyer section is included imthe
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inversion model. This nthod ha two inversion settigs. In most cases, the resistivity of the wateetay
does nd vary signfficantly along the survey linerowith degh. Thus, normally the omth dMinimize
variation of vat er r esi s tdiHoweveytd acéommodate |cas avhee there are significat
variations in the water resistivity (such as imiing zane ketween fesh and saline water), the opti

0 Al Wwatewlayer resistivity tovaryfree 6 can be used.

The subsurface material beldhe waterayer frequently hsa mub higher resistivitythan the
water . The opti on résSelvwaerbbttormboundarayrdp ccahna nbgeeshargce d s o
contast is allowed between theater layer and the subsiace. This option uses theethod desdbed in
section 7.0. Theprogram automaticallyadjusts the thickness of the model layers and ds/ihemodel
cells into those belonging to the wateayer andte subsurfacerigure 31 shows the arragement of he
model cells forone ofthe aurvey linesalong the S&o Francisco River, that divides the Bahid)(&nd
Penamhuco (PE)states, near theSanta Maria dd&oa Vistacity (PE), northeast of ehBrazil (Rodrigo
Machado prs. Comm.) In this survey,a dipoledipole type of confyuration was used with 5 mex
dipoles. However, the readings were taken evertenmhatgives a dataset with a nominal unit electde
spacingof 1 meter. To reduce thunber of model cells andaking in consideration th#éte resolubn of
such a surweis vay unlikely to be beter than half the dipole length, the width of thed®locdls wasset
at 3times the unit electrode spagn(sectionl1.3.7), i.e. basically Biekers for almost the ent& section.
Also, note that e depth ofthe water at som@lacesis greater than maxiom median depth of
investigation (as indicated byeldatapoints markers) However, the program sets tldepth of he layers
such that theresid leastone model layebelow the water bottom (reggented byhe dark blue line)The
cells below the watetayer are marked as light blue in the figure beldwshap resisivity variation is
allowed in the inveiisn methodused between the two sexis

The gparent resistity pseudosection and invessi model fo this data set ishown n Figure
32. In this inversionthe iesidivity variaion within the water layer wasinimized.Thus, the water layer
resktivity is generally unifom except towards the left érof the sovey line where the is rot much
data. Theres also an indication that between the 190 and 22@&mmeaks, the nearsufaae riverbed
material consistef low resistivity sediments.

Surveys with floating electrodesare frequently carried outsing a cal# with a number of
electrales pulled behind a bat, usually with a mukthannel resistiviymeter systemcortrolled by a
computer linked to a GPS systerA 5 mete spacing between the elemties takeouts is commonlysed
together a dipolglipole type of aray configuration(not neessay symmetrical). The boat moves
continuously and the measurementa t& nadeat abitrary intervals although the dipoleshgth is 5
meters. Frequently, the msurementsare digitized tcevery 1 meter position. TButhe actie electrode
positions arel meter apart thatsmuch smaller than the dipole length of 5 metelss Tan resultin very
long survey lines, and very lge inversbn models with the defaultetings d the inversion ppgram. A
number of optionfave beendded to the prograto redice the inversion tine for such data sets.

The resolution of the surveyetip 5 urikely to be very much better than the dipollength
particularly if there is wadr layer d significant thtkness between the cable ah@ subsuUace. The
program rmally usesa model wherehe widths of the model blocks are set to be the s@mkalf) as
the disarce between the electrode pasits alongthe line. This is reasonkbfor nomal land surveys
with a static cable setup.oF floating electrodes surveysince the dstance betweeithe electrodes
positions (1 meter) is much smalléah tle dipole length (5 meters), this results in a mel that § too
fine. To avoid thisuysethe og i o n  u nndeesioni Mddel Digcletizabni Chang wi dt h of bl
menu dsaibed in section 1.B.7. Since the horizontal resolution of the datarikkely to be betterthan
half the dipole length, its recomnended that the width of theodel cells be set at 3 mes the unit
electrode spang (for thesituation with 5 meter dpoes and 1 meter datspacing). This will greatly
reduce the number of adel @lls in the invesion model. The time taken toalculate he apparent
resistivity (aml the corresponding Jacohmamatrix) can be greatly raded byusi g t h e Orsspiaornsde i
method described inextion 11.2.6.

It is assumed that the survey linesisaght whena 2D inverson approach is used. Inses
wherethere are strong water cants this is no longer trueso there will be distortiain the reulting
inverse modl. If thereare significantdeviations in the direction of the survey line,ettermettod will
be busea 3D approach in modelinthe datgRuckeret al.20118.
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Figure 31. Arrangement of modeblocks aml the water bottontbounday for an arrangemenwith the
water layer incorporated into the inversioodel
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Figure 32. Inversion model fa the survey with floatingelectrodesalong thealongthe S&o Francisco
River in Brazil. Thethin black line inécatesthe water bottom boudary.

11.2.10Limit water extent for underwater electrodes survey

This ogion can only used if you had ad in a dga file with underwater et#rodes ard where the
limits of the water layer was Es$han thdine length, such@a suey across a dam oelee. When the
program reads in such a data filewitl autanatically eralde the option to limit the exint of thewater
layer based on theeft and right limits set inthe data file. This optioalso allowsthe user to set ¢
resigdivity of the mesh dés outside the water covered region using the dialaxbelow.

Limit extent of water layer in underwater survey &J

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

" Nolimit to extent water layer @ Limit extent of water layer

If the horizontal extent of the water layer is limited, the following value sets the model
resistivity beyond those limits. Normally the resistivity of the leftmost and rightmost
cells in the top laver of the inversion model are used to set the resistivity of top rows
of cells in the mesh to the left and night edges of the finite-element mesh. Ta use a
higher resistivity value. set a higher value (such as 1000.0 to simulate air) in the bax
below. The resistivity of the leftmost and rightmost model cells will be multipled by this
factor to set the resistivity of the mesh cells

Enter factor to multiply resistivity of mesh cells - [1000.0

Cancel
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11.2.11 Se DOI parameters

This optio allows he user to set the settinfig the @lculation of thedepth of investigation
(DOI) calculaton. The DOI methods basé on carrying out theinversion of a data set using two
different backgrand rderencemodels(Oldenburg and Li 1999). Normallyhe firstand second reference
modebk ae setat onetenth andten times the average appafreesistivty value. In areasherethe
inversion modelsre well constrained by the data, the inverse medtlesshauld be simihr. In areas
with little information, theinverse model values willeblargely determined by theeference model used.
The various invesion settings cahe setusng the dialog boxbelow.

Set Depth of Investigation (DOI) Parameters

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

First model reference factor - (010 Second model reference factor — [10.00

Optimize inversion settings for DO calculation? - * “reg " Mo
Damping factor far reference model (0.02 to 0.20) - 0.050

Instead of the multiplication factors, wvou can choose to directly setthe reference background
resistivity for the first and second models.
Type of background reference model - & hultiplication " Uszer defined

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

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

Ok Cancel

Reference model resistivity multiplicatifarctor : This sets theegstivity value for the refeznce model
used in the two inversion3he reference model redisity used is the multipliation factoe multiplied by
the avera@ apparent resistivig value (which is the default reference resistiwglue) Fa example, {
the average apparent resistivivalue 8 100 ohm.m, the program lvuse reference resistiwt values of
10 and 1000 ohm respectiely for the first ad secad inversions (assumg the default values of 0.1
and 10 are used for timultiplication factos).

Optimize inversion parametsrfor DOI calculation: This will aubmdically set the optimuninversion
parameters (suctsdhe thickess and number &yers,dampng factors) forcalculating the DOI.
Damping factor for reference adel : This ses the énping factor that constrains ¢éhinversim model
resistivity to thebadgroundreference resistity model. Normally a vala of betwea 0.01 and 0.10 is
used.

Background reference odel: As an alternative to using the multiplicatitactas © se the lov ard high
reference resistivitynodels, his option allows the uséo directly specify the redrence resistivity values.
Type of inersion method The smoothor L2 norm inversiommethod should normally be used for the
DOl calculaions. This gererates elatively smooth DOI sections.hHE robusior L1 norm) method tends
to produce models with shamgr boundaries. This can cauproblemsn the DOI distribtion asa small
mismatch inthe boundary can cause spurious large DOI valuestinebourdaries.

Factor to extend depth rangeThe siccess othe DOl method depends omtending the depth to the
deepest layer well beyond tinegion whee data has a sidgmgant influence on the invsion results, i.e.
where the DOI is expected to appch1.0. To ensure his, the depth range of the mddshould ke
extended several timesetimeximum median depth ofvestigation of the data séfising a arger factor
will i ncreasehe number of modetells and thus the computer time, so a value of &Bdlis normély
used This option only affects the odel for sirface surveys, i.e. it deeot affect the model useébr
borehole surveys whetbee numbeand depth of the eers isdetemined by the behole electrodes. To
extend the depth range for thedelusel for borehde surveys, you will need to add d u m noyebole b
electrodes in theadafile be | o w t h borebote elécirodes.6

Numberof iterations: For the DOI alculatons, it is recommened that a small number of iterations
should be use@usualy about3). Thereason is that if a large numbef iteraions is used, the inversio
processattempts to fit lte noise in the data in tHater iterdions. This can cae anoralous model
resistivity values which in turn cause distortions in the Datten.
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113 Model disa etization

These options Ew you tomodify the way the programsubdivides the subsurfacato cells that
is used ashie inversim model. The followng list of sub-options will be displayed when this option is
selected.

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

Carry out inversion

Calculate region of investigation index
Inversion methods and settings 4

Model discretization k 4 Display model blocks

N Change thickness of layers
Modify depths to layers
Use extended model

Model sensitivity options
LP. options 4

Batch mode options 4 Use model with blocks of same widths
Reduce effect of side blocks
Change width of blocks
Use model refinement
Set left and right limits of model
Type of cross-borehole model

11.31 Display model blocks

This option will display thelistribution of the model blocks arghfa points. The data poistwill
be plotted at the mémh depth binvestigation (Edvards B77) for the array uad. Figure 33 showsthree
possilte arrangements of the model bks for the same data set.

11.3.2 Changethickness of layers

In this option, you can sehté thicknes of the layers ugkin the inversion model bysetting the
thickness of the first layer and theeadt vhich the thicknessof each successive deeperdayncreass,
as shown by the followig dialog box.

B ' Change thickness of layers I,&J

You can setthe thickness of the layvers in the inversion model by setting the
thickness of the first layer, and the rate atwhich the thickness of each
subsequent deeper layer increases with depth.
User model layer thickness settings
Ratio of first layer thickness to the unit electrode spacing: [05000
Rate at which the layer thickness increases with depth:— [T1000
IUnit electrode spacing is 2.50

Model parameters limit
Allow number of model parameters to exceed number of data points?
* Yes " Mo

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

Factorto increase model depthrange (1.0t05.0):  [1.1000

0] | Cancel |

When theprogram reads in a data filé will normally set the fist laye thickness using the
minimum pseudodepth of the data points. For surfacee/s, since the redution decreases with depth,
the thicknas of the layers is normglincrease by between 5 td5 % with each deeper layefhe
progam normally uses aodel where the depth to theleepest layer does not exceed the maximum
pseudodeih in the dataset. Tousea model that spans a deegkapth rage, you can change the facto
increase model depttange, for example from 1t0 1.30 toincrease the modeepth angeby 30%.
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Biue Ridge Pravince dipole-dipole survey line
(a). ARAANGEMENT OF MODEL BLOCKS AND APPARENT RESISTIVITY DATA POINTS
— t t s
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T Ed 3 3 T T
k3 +
* E} *
¥
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\ xxx |
[] Madel biock Number of model blocks 371
~ Data point Number of dats points 469
Number of model layers is 13 Unit electrade spacing is 10.0 m.
Minimum pseudodepth is 416 Mudmum pseudadepth is 103.6.
Number of electrodes is 50.
— e
A VS
7 A X X x x X = X X = = x X X X x = x IR
T ¥ 3 T
£ +
[] Madel block Number of madel blocks 397
© Data point Number of data paints 469
Number of model layers is 13 Unit electrode spacing is 10.0 m.
Minimum pseudodepth is 416 Maximum pseudodepth is 102.6.
Number of electrodes is 50.
(c).
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x| % x| x| =[x % | | x| % | % | x| = % || x| x| x| x x
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x
[7] Model biock Number of madel blacks 637
% Data point Number of data points 469
Number of madel layers is 13 Unit electrode spacing is 10.0 m.

is 416, Maximum
Number of electrodes is 50.

Figure 33. Different possible rangementof model bbcks for the same data set. @3ing wide blocks
at sides and botio, (b) blocks of equal widt, (c) model blocks extended ends osurvey line.

11.33 Modify depths to layers

This option allows you to change the depth of eadhvidual layerused bytheinversion model.
You can agust the @pths manually so that sonoé the baindaries coincidevith known depths from
borehole or otler data. The folloimg didog box will be disphyed when this option is selected. In the
box, the eépthsto the layers aelisted. The depths listed cée changedhanually.

f B " Modify depth cof layers ﬁ‘
Layer Mew Depth Present Depth Layer Mew Depth Present Depth
1 [Foo 5.00 21 [ MNohe
b [fos 105 22 [ Monhe
3 [fes 16.5 - R I Mone
4 [e3z 23.2 [ None
5 EE 305 I I None
6 [3a6 38.6 & [ None
7 Jarda 474 A I MNone
8 sz 57.2 e [ None
q [7a 67.9 29 [ MNone
10 a7 797 a0 [ MNohe
11 [m27 927 31 [ Monhe
12 [ioes 106.9 A None
13 [iezs 1226 CE I I None
14 l— Mone 34 l— Mone
15 l— MNone 35 l— MNone
16 l— MNone 36 l— MNone
17 l— MNone 37 l— MNone
18 I— MNone 38 I— MNone
19 l— MNohe 39 l— MNohe
20 l— Monhe 40 l— Monhe

Depth scaling factor IT 0K | el |
—
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11.3.4 Use exended model

By default, he program uses the arrangsam of thedata points in thg@seudosdion as an
approximate guide in discretizing the subsurface into regtdar blocks (Figure 33a). This option
extends te model cdls to the edgesf the survey lineKigure 33c) using the flowing dialog box.

-

Use extended model

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

LUse extended model? & Yes " Mo

0K | Cancel|

11.3.5 Use model with blocksof same widths

The mald shown in Figure 33a hasmaodel cells that are wideat the edges. The first agb in
the dialog box shown Hew will ensure that all thecells have the same width that is equal to the unit
electodespaing (Figure 33b).

Use model with blocks of same widths

“ou can specify that all the model blocks must be of equal width.
This will &void a model with wider blocks atthe sides and in the
loweer layers. Please selectyour choice.

' All model blocks have equal widths.

" Model blocks need not hawe equal widths.

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

" Yes-use cells of approximately: equal width

& MNo-use the default arrangement

0K | Cancel|

The second don is inended for dataeds created from a series @ferlappirg 1-D sounding
lines. Suchdata sets can havergat variations is the distances between the eldetpm#ions. This
option alows the user to use a madvith madel cells of more uniform idth.

113.6 Reduce effecbf side blocks

This optionaffects tke calculation of tB Jacolan matrix values forthe model blocks located at
the sides and bottom tfie nodelsedion. Namally, for a block located ahe side, lhe contributions by
all themesh elenments associatedith the model block are addeup rightto the edge of thenesh. This
gives a greater gight to the side block compared to the interiorckk h sane @ses, pdicularly when
the robust invesion optio is used, this can resitt unusualy a high or lowresistivity value for the die
block. This option limits he contibution of the meskelements outside the ends of the survey line to the
Jacoban matrix valuesfor the side blocks. The followg dialog box shows the different deses the
contribution of he cells outside the survéige to theJacobian matrix vaes ae truncated.
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Reduce effect of side blocks

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

" None * Slight " Severe ™ “ery Severe

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

@+ Yes-use blocks with same widths " Mo -use default arrangement

Cancel

11.3.7 Change width of blocks

This option allows the uséo force the programto use model cells that are widehan oneunit
electrode spacing fall the layers. It is maily intended for data colleetl from molde surveys where a
cable with fixed electrodesositions is dragged along during the survey. Tistades ketween the
meauwrement points are often mudess thanthe spacing between theeetode t&keouts. In the
following dialog box the modélocks widths can be set tbto 15times the unit elecbde spacing.

-~

Change width of model blocks

This option is intended for data from surveys with mobile measuring systems where
the distance between electrodes for adjacent data points is much smaller than the
distance between the electrodes in the array configurations used. Such surveys
sometimes produce thousands of electrode positions. You can set the width of the
blocks for such data sets to be two ar more times the naminal unit electrade
spacing. This also helps to eliminate a ripple' effect in the inversion model
which is sometimes observed for such data sets. This option is only used if the
extended model option is used where the subdivision of the model layers extend
to the ends of the survey line. This option is also useful for data constructed from
a series of 1D sounding surveys using the general array data format.
Selectwidth of model block (1 is the narmal wiclth).
| oz 3 4 « 5 B 7 o8
9 10 1 1z 13 14 15

Cancel

11.3.8 Use model refinement

The RE2DINV progamby defalt uses a model where the widdf the inerior model blocks is
the @ameas the unit electrode gacing. This works well in wst casedn situations withiarge esstivity
variationsnear the ground surface better results can ber@utdiyusing rarrowermodd cells. There are
two possble ways ® reduce the width of the add cells. The first is byusi ng t he
refineme nt on o@n i toh ed0 OnheGlicking this optionwill show the following dialog box.

,

Meodel refinement

By default the program will set the width of the model cells to be the
same as the unit electrode spacing. If there are wery large resistivity
wariations nearthe ground surface, vou can use a model with narrower
rodel cells. This is particulaty impartant for arrasys such as the pole
-dipole and dipole-dipole which are mare sensitive to near surface
wariations. In general, using a maodel where the width of the cells is half
the unit electrode spacing gives the optimum results. & model with
narrower cells frequently results in 'ripples' in the near surface region
ofthe resistivity maodel.

" Llze normal madel cells with widths of one unit spacing

¢ Llze model cells with widths of half the unit spacing

Cancel
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This allows yu tochocse nodel cels with widths of half the unielectrodespacing. In almost
all cass, this gives the optimumasults. After selecting thigption, yar must read in thdata fle. The
program willthen automatically reduce the unit electrode spaitinges ly hdf of thatgiven in the data
file. The £cond methd is to modify the datalé directly using a text dtbr. The unit electrode spang
is given in the secondre of te apparent resistity data file. For example, the first few lines otth
PIPESCHLDAT file are reproduced in Table 38. In theecond dia line, the unit electrodspecing is
given as 1.0 nter that is the actual spad used irthis survey. Whenhe RESDINV reads in this da
file, it will set the width of the model cells thO neter The file APESCHL _HALF.DAT has the same
daa exceptthat the unit electrode spiag is nov defined as 0.%neter. The upper part of thifile is
shown in Table 38.

When theRESZDINV program reds this file, it will set the model blocks to 0.5 teewidth.
Figure 34 sows the inversion models for ik data seusing cells with widthsfol.0 and0.5 meter. The
model with the 0.5 meter bloakidth is @le to more accuraly mockl the high resistily anomalies near
the surface between the 3 and 18ten narks above the [ipe, and thus has a slightly losv apparen
resistivity RMS data migf In mod cases with larg resistivity variations nedhe surfae, using a model
with a ell width of half theactual unit electrode spacing is sufficient. In gooass, Lsinga narraver
cell width of onethird or mme-quarterthe unit might be justifi@, particularly if the suney was carried out
using a ple-dipole or dipoledipole aray with very  h ing hf rsof thecell width is onguarter the
true unit éectrode pacing, or kss, oscillations in the modelesistivity values in the first few lgers can
occur. Thus, the se of a cell width of lesshan onequater the true unitelectrale spacing is not
advsable.

Table38. Data filewith stardardunit eledrode spacing.

PIPESCHL.DAT fe Commerd
Underground pipe survey Title
1.00 Unit electrodespacing
7 WennefSchlumbergr array
173 Number of data @ints
1 Mid-point given forx-location
0 No I.P.
150 1.00 1 641633 First datapoint
00 Coordinates of the first etgrode
The rest follows the usudbta format

Table39. Data fle with hdf the standard uhielectodespacing.

PIPESCH. HALF.DAT file Comments
Underground pipe survey Title
0.50 Half the actia unit electrode spacing
7 Waenner-Schlunberger array
173 Number é data points
1 Mid-pointgiven for xlocation
0 No I.P.
150 1.00 1 624.1633 First data point
0.0 Coordinates of the first electrode
The rest fdbws he wualdata famat
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Underground pipe survey

a). Measured apparent resistivity pseudosection

PS-2 4.8 8.8 16.8 24 _8 m.
1

8.5 |
1.7

3.4

Heasured Apparent Resistivity Pseudosection

b]. Inversion model section using model cells with a 1.0 metre width
Depth Iteration 4 RHS error = 7.6 %

8.0 8.0 16.0 249 m.
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1.3 /

.o ‘

4.8

Inverse HModel Resistivity Section Unit electrode spacing 1.8 m.

c]. Inversion model section using model cells with a 0.5 metre width
Depth Iteration &% RMS error = 6.9 %

a.a g.8 16.8 24.8
I_]-II|||||||||||||||I|||||||||||||||I|||||||||||||||I||-|-||||||||||||I
1.1 /
iy ‘

3.9 -
Inverse Model Resistivity Section Unit electrode spacing 8.58 m.
1§ ] - Emjeoieel  Ieeimmpeagesy § § o §
25.8 5.8 188 208 Laa 868 1688 3280

Resistivity in ohm.m

Figure34. Example of inversion ntels usingthe standard anidalf-sized model blocks. Y& he appagnt
resistivity pseidosedbn for the PIPESCHIDAT data set. The inversion models using (b) blogks a
width of 1.0 meer that is the same as the aaltwnit ekctrode, and (c) using nawer blocks with a
width of 0.5 meter.

11.3.9 Set leftand right limits of model

This option canonly be used foinput data in the general array format. It allotve ugr o maually
specify the left and right limitsof the malel cells used in the inv&on model This provides &
alternative to using thestributionof the data points the psewlosection or thémits of the survey lines
in setting the edges tiie malel cell.

Set left and right limits of model blocks‘

This option allows wouto setthe left and right limits for the

arrangement of the blocks inthe inversion model used by the program.
This allows you to force the program to concentrate on & specified
zone of interest. It is mainly intended for unusual survey setups

where the main area of focus is near the center of the survey line,
paricularky with sounding type of setups.

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

rModel left limit : |m todel right limit : |2300,0

Do you wantto use the abowve model limits?

Mo, use default limits @ “Yes, use above limits

Cancel |

11.3.10 Type of crossborehole modé

There ae two choices for the typef model you can use for thinversion of crosborehoé data. Yowcan
choose to usthe Stadard Model where thaelimensions of the model blocks are the same aspheiny
between the ebdrodes on the ground surfacedain theboreholes. Alternatively,gu can usea model
with smdler blocks where the sizd the blocls is half that ofie Stadard Model (Figurel11).
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114 Model Sensitivity Options
This covers a few optionglated tahe sensitivity values dhedata st and model. Ctiking this
option will disphy the folbwing list of suboptions.

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

Carry out inversion

Calculate region of investigation index
Inversion methods and settings 4
Model discretization 4

Model sensitivity options k 4 Display model blocks sensitivity
Display subsurface sensitivity
Normalize sensitivity values

LP. options 4

Bateiodeioplicns ' Generate model blocks

Calculate resolution for homogeneous model
Calculate model resolution for inversion model

11.4.1 Display blocks sensitivity

This will show a plot of the seitiwity of the blocksusedin the inversion modelH{gure 35b).
The sensitiity value is a measure oféhamount ofinformation abouthe resstivity of a model bock
contained in the measured data set. The higinersasitvity value, the more reliable is the model
resistivity value. In general, the ditks nearthe surface usulgl have higher sensitivityalues becase the
sensitivity function hasvery large vales near the electrodes. The blocks at the sidesbatidm also
have highsengtivity values due to the nul largersize of these blocks thatesextendel to the edges of
the finitedifference or finite-elemen mesh. If you hadtarriedout an inversion ofthe data set before
calling this option, the programill makeuseof the Jacobian matrix of the last itation. Otlerwise, it
will calculate he Jacobian matrix for a hamogenous earth model.

11.42 Display subsurface sengivity

This shavs a plot of thesensitivity of the subsurface for blocks of equaéegqFigure 35a). This
basically eliminates theffect of changes in the mad block size so that it sins more clarly the change
of the susuface sensitivity ith depth and location.

11.4.3 Normalize sensitivity values
By default, the calculated sensitivity value are norralized by dividing with theaverage
sensitivity valueln this option, you can clise not tanormalize the sertsiity values.

11.4.5 Generate model blocks

This option allocates the arrangemt ofthe blocks in he model using the sensitivityalues as a
guide. Figure 35 shows tisensitivity values of theVIXEDWS.DAT data set usinghe defaulextended
model Figue 35a) andfor the "Genere model blocks" optionHgure 35b). Note that the model create
using the sensitivity values increasthe width of the blocksear the sides in the deegearts ofthe
model sectionn orderto increase the seitiwity values of the blocks. By default, the prograisesa
heuristic algorithm partly based on the posih of thedata points to generateetldze andposition of the
model blocks. The "Generataodel bloclks" uses a more quttative apgoach based theensitivity
values of the model blocks. However, pmactce, the simpler and faster heuristic algorithm iges
reasmably good results for mostaa sets Alternatively,y ou can use tdhed 066 eoxttea mod
(section 11.3.4)a exterd the model to the eds of the survey line, and later use the model eitgior
resdution valuesto determine parts of thmodel whid are well constrained bie data.

11.4.6 Calculate model resolution

The moderesolutionmatrix is given by

R=J"J+/F)tJWJ (11.5)
The model resolution of the model blocke given by the diagoml elements of this matrix. Thenodel
resdution matrixR may be vieved as a filter through whib the inversion method attgts to restve the
subsurfaceesistvity (Day-Lewis et al. 2004). In the ideal case with perfect resolutitre ebmerts o
the man diagonal ;) are 1.0 whileghe offdiagonal elements are 0.0. prectice, the model resokion
values for most modelldcks are mch less than 1.0rhe time taken to calculateghe model resolution
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matrix is proportional to theube ofthe number of nodel blocks, so it is probablgnly practcal to carry
out the calcudtions for models with lesshan about 30000 blocks.i$t probaby not practical taalculte
the resolution vales due to computer time and memory limitationsvieny largedaia sets ad models.
You can enable theatculation of the model resolution vaés as wdl as the poinspread function
(Oldenborgemmand Routh2009), using the fiowing dalog box. This gies a measure of how widely the

information from a rgion d the sibsurfaceis spread out to the surroundj model clis in the inverse
model.

Calculate Model Resolution

After inverting the data set, doyou want the program to
calculate the model resolution walues? Caloulating the model
resolution walues could take many minutes for data sets with
more than about 10000 data points or model cells.

* Yes " MNao
Do vou also want to calculate the full resolution matrix with the
the point-spread function values? This will take slightly longer,

" Yes * Mo
Cancel
a). Mixed array

Relative sensitivity of model blocks

HHEEE BT
[:] Model block Number of model blocks 238

- Datum point Humber of datum points 487

Humber of model layers is 7 Unit electrode spacing is 1.8

I NN BN BN (N [ (O [T B [ O] (OO (T DN O BN
a.04 8.87 8.13 0.2y 0.43 a.78 1.4 2.5

Relative sensitivity values

b). Hixed array
Relative sensitivity of model blocks

[:] Hodel block Humber of model blocks 186

. Datum point Humber of datum points 487

Humber of model layers is 7 Unit electrode spacing is 1.8

N BN BN BN N T [ T M T ] (O T D O N
a.a89 8.15% 8.24 8.37 8.59 8.93 1.5 2.3

Relative sensitivity values
Figure 35. Two arrangementsf model lbocks using the eghdedmodel and sensitivityvalues methods.
The arrangement of the model bloalsed ly the plogram fa the inversion of the MIXEDW®AT data

sd using (a) the default eethced modé and (b) a modegenerated so that any siedgblock thedoes not
have a rlative sensitivity value tha is too small.
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11.5 I.P. Options
This cover a numdr of optionsfor theinversion of data sets with I.Ameasurenms. Clicking
this option wil display the following Ist of menu sulmptions.

,‘.6! RES2DINVx64 ver. 4.8.1 :- 921 - DA\Res2dinvx6\IPMAGUSL_MF.DAT
File Edit Change Settings | Inversion | Display Topography Options Print Help

Carry out inversion

Calculate region of investigation index

Inversion methods and settings L4

Model discretization 4

Model sensitivity options 4

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

Batch mode options
Change range of model LP. values

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

Type of LP. smoothness constraint

Joint or separate IP inversion

11.5.1 I.P. data and model weghts
This aub-option sets he weights given to the |.P. data and model in thiet jresigivity-1.P.
inversion method using the falving dialay box.

LP. data and model weights lﬁj

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

Ratio of resistivity to |P data range factor is 11.5633

Weight for IP data (0.1 1o 10} [1.0000

Alternatively. a smaller damping factor can be used for the P model
constraint compared to that used for the resistivity model. If avalue of 1.01s
the same damping factors will be used for the the resistivity and 1P models

Enter IP damping factor (0.1 10 1.0): |0 2600

The program can calculate an estimate of the IP damping facter from the Jacobian
matrix values. Do you want to use the automatic damping factor?

" Yes - use program estimate @ No- donot use program estimate

Cancel

This program useshe complex resistivity mehod (Kenmaet al. 2000) whee the invesion of the
apparet andl.P. data are invertegbintly. In most data sets, the data misfit fore(tlogaithm of the)
appaent resistivity values have much largr range than the appareP. values. This causes ¢h
program to give a greatereight to educing the data rsiit for the apparent resistity compared to the
apparent I.P. The first paratee (weight for I.P. data) enables the user to comsate for ths effect by
giving a greatr weight to the I.P. datanisfit. The second paramet@rP. damfng factor) contra the
amgitude of the chargyin the model I.P. values allowed after each iteratA smadler |.P. danping
factor can be used can beed to dbw a greater change in thd>. modd values (which $ normally
much smaller thathe changén the model rest&vity values in the joint mversion method). If a value of
1.0 is used, then ¢ghsameadanping factorswill be used for both the rasivity andIP inversion routines.
Normally a mwch smaller valuef about 0.10 to 0.25 is use

11.5.2 Cutoff for valid | .P. vdues

Many modern resistivity meter systems used in engingeand environmentalsurveys now
have I.P. measuresnt capabity as well. However, the.P. data from most multielectrode systems is
probablyof limited use for electrodepacing o more than a few mters. Most systems use a battery
power source thatannotdeliver enoughcurrent (usually less than 1 Ap) for reliable I.P. signals, so the
|.P.data is often extremelyoisy. Although in theoryhie magnitud of measured appant | P. values can
range upo 1000 mV/V, in practice natural I.P. effects puod meh snaller values of usually less than
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100 mV/V. This optbn sets an upper limit orcegotable apparent I.P. vakes above which the valuesa

not usediy the program taealcubtethe I.P. inversionrmodel.

' i N
LP. cutoff value

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

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

QK | Cancel‘

11.5.3 Change range of model I.P. values

This ststhe limits of the model I.P. values th#éhe invesion routine can use. Theimmum
model |.P. value isusually set at zero, altholighere hag been reports ofegative intrinsic 1.P. value

(Brandes and Acworth 2003. The upper limit for thaximum I.P.value fa the inverse model can also

beset in ths option. Although in thegrl.P. values can range up 1000 mV/V, in practice iis unlikely

to be more than 8w hundedmV/V.

- .
Model LP. Range [

Intheary, the intrinsic chargeahility of minerals is confined to betwaen 0to 1000
my, In practice, the maximurn practical changeakility is much lower, usually itis
less than 200 my. This option allows wou to wany the upper and lower limits of
the allowed chargeahility. In cerain types of claws, the intrinsic changeakility can
have a small negative value.

tModel Chargeahility Lowsr Limit (miv) o [o0

todel Chargeahility Upper Limit (mviv) - [s00.0

Use modified IPrange? Mo & Yes

Cancel

11.5.4 Select type of I.P. transformation
This option wil bring upthefollowingdiad og b o x .

to ersure the model I.P. vales produced by the inversignogram dmot exceed the aived imits. The

-fodibe o& S dburRaamat) @

S

nor mal

60Sqguadetransformati on e ns uaysepsitivé lntadbesntt tirectlynset dre | I
upper limit Thee 6lRawmmd 6 me ttlitherdoddel.R.s/alueseaseestridted to the range set

in the previous option.

7 N
B " Select type of LP. model transformation L&J

Some type of transformation of the model IF is usually used within the inversion
method in order to stablize the model IP values produced. Different methods will

that the intrinsic |P. walues are always positive, but does not explicitly constrain

|.P. value to be negative (which occurs for some types of clays).
Selecttype of LP. model transformation method -
" MNone * Square-root " Range bound

0K | Cancel |

influence the final model obtained to some extent. The square-root method ensures

the uppervalue be less than 1000 m. The range bound method will method wil
explicithy enforce the upper and lower bounds. This method also allows the intrinsic
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11.5.6 Usel.P. model refinement
This program uses the complex resistivity metfmdthe nversion of |.P. data (Kenmaet al.

2000).The effectve conductivity is treatedsa complex quantity withreal and imaginary componeant
The comjex conductivity isgivenby

5=5Spc T i MSpe (11.6)
The DC conductivitys, forms re& part while ms, formsthe imaginary part. A complepotentialis
then calculated for thicomplex model.

f=Ff+if (11.7)
The complexpotential has twoa@mponets f, and7;. The ral (resistivity) and complex (I.P.) potentials
are @alculded simutaneousy. The inversion method calctles the ofimum resistivity and |.Pmodes
simultaneously usinghe same leastquation (41). In manydata sets, the rissivity da@a misfit has a
much larger range than the |.P. data misfit. Thisseautle inverson rouine to determine a more
accurag resistiviy model at the expense thfe |.P. nodel that might Isow a much smaller changetivi
each iteation. To overcomehis problem, after calculang the optimum resistivity and I.P. model
througha joirt inverson, a €parate inversion to minimizehie |I.P. da misfit alone by changinthe
model I.P. values onlyand keeping the model retisty values fixed) is commdug caried aut in each
itergtion. This option allows the user to select the frfddel refinement stepvia the following dialog
box.

® ' LP. model refinement I.&J

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

to use the |.F. model refinement step.

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

QK | Cancel |

It is re@mmended that the I.P. reéiment step to be used fomost data sets.

11.5.7 Type of I.P. snoothness constraint

Normally the program usethe same smoothness constraint for the |.P. invessdhat usedfor
the resgtivity inversion. This ofion allowsyou to use a different smthness canstraint for thel.P.
i nver si on st b+oml) hethodbiRueeoblitheresidivity inversion this option allows you to
use t he 06-%mdoehddfor the LRinversion. Selecting the l-Borm constrait for the I.P.
model mightbe useful for some casessdt has a much smaller ramgomparedo the resistivityvalues
In theory, the I.Pmodel and (magnitude of the) data are limited tagalofO to 1000 mV/V.

i N
Type of LP. smoothness constraint

“ou can choose to use different data and model constraints for the
resistivity and |.F. inversion. In this case, wou can use the robust
constraint for the resistivity inversion but use the normal smooth
constraint for the | P inversion which has a smaller dynamic range.
Ilse same constraints for |LP. inversion?

" Mo, use different f* Yes, use same

If wou had selected the option to use the 'Robust' or L1-norm
constraint, this option allows wou ta use the L1-norm canstraint far
the resistivity inversion but use the 'Smooth' or L2-norm method
tarthe LF. inversian.

QK | Cancel
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11.5.8 Joint or separate ofl.P. inversion

The following dialog bx is shown when this optin is selected. In the complaesistivty
method, the invesion model resistivity togéher with model |.P. values are simultaneously dateal.
This ogion allows the user to fix the I.P. nu®l when tle resistivity model is caldated. It then only
changs the model I.P. values dog the I.Pmodel refinementtep whch is automatically eabled when
the separate inversion option is seldcte

In the resistivity inversion step, the I.P. dates a smakffect on the resistivitynodel. However,
the effectcan be completely removed, lchoosingthe option not to se thel.P. data in resistiity
inversion if the separate inversion option iested

- =

Joint or separate resistivity and LP. inversion method

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

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

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

QK | Cancel‘
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11.6 Batch mode options
There are twous-optionsunder this category.

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

Carry out inversion

Calculate region of investigation index

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

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

116.1 Batch mode inversion

In this option, you can invea numberof data sets autortiaally. The name of the inpt data
files, and other information, is provideddligha scipt file. It must be emphasized that bedinverting
the data sets, you shouttieck the data for bad datpoints using the 'Edit Exterminate ld data points’
option (secion 9.1) discussedarlier. When you select this option, the prograith ask for a script file
with a BTH extension. Thélé RESIS_VP.BTH is an example scrifite. Theformat of the fie is listed
in Table 39. Sice the IVHiles are createtly theRES2DINV program, itis not necessary for the user to
deal with the detés abaut the file format To create them, you just ad to clickthe appropriate inversion
options within the RES2DINVprogram, and then seleceth fi S aevres ii onnv  paptiomunderthe r s 6
AChandengSe&t menu to save t heYoupcanrpacse tpdodOsdatai files o an
using a single &tch scripfile.

11.6.2 Save XYZ filesin batch mode

This opton allows the user to autatically create the XYZ filesontaning the inversion mod
values after the inversion of each data filehia bath mode. The reailting output will contain results
from the final iteration of each iteration. Both the legdoymat XYZ files as well as thanewer AGS
XYZ-formattad files are odput, when this options activated. Thesetting can also be specifi@a the
BTH script. (tdle 39).

Table39. Example script file fo thebatch mode inversion.

RESIS IVP.BTHlé Commens

3 Number ofifes to invert
INVERSION PARAMETERS FLES USED | Header

SAVE XYZ FILES IN BATCH MODE | Header

(0=NO,1=YES)

1 Specifieghat XYZfiles are to be atpu
DATAFILE 1 Header for first ifle
CA\RES2DINMRATHCRO.DAT Name of first data file to invert
CA\RES2DINV\RATHCRO L2.INV Output file nane with inversion rasts
CA\RES2DINMRES2DINV_L2.IVP File contaning the inversion settirgy
DATAFILE 2 Headerfor secord file
CARES2DINMRATHCRODAT Name of second data file to invert
CARES2DINMRATHCRO L1INV Outputfile with inversion results
C\RES2DINMRES2DINV_L1IVP File with different inversion settings
DATA FILE 3 Header for thid file
CA\RES2DINMLANDFILL.DAT Third data file to invert
C\RES2DINVMLANDFILL_L2.INV Output file with inversion restd
CA\RES2DNV\RES2DINV L2.IVP File contaning the inversion ggngs
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11.7 Topography options
If thereis significant topographi¢aelief along the swey line, the dfect of the topographal
effects can be accounted for if the horizontal and \@rticordinaes of a number of points alonthe
survey line are kown. When the mygram read in a data filewith topography data (pleasefer to
section 7 or the data formay), it will automattally select the finiteelement method that incorporates the
topogaphy irto the modelling mesh used. this case, the topogptic modelling wil be aubmatically
carried out by the program wheroy invert the data setWhenyou selett he A Topoignaphy
menu, the following submenu will be displayed.

,,lﬁ! RES2DINVx64 ver. 4.8.1 :- 921 - DA\Res2dinvx6AIPMAGUSL MF.DAT
File Edit Change Settings Inversion Display [Topography Options] Print Help

Display topography *
Select type of trend removal

Type of topographic madeling

11.7.1 Display topography
This option simply plts the topography, shas in Figure 8.

11.7.2 Select type of tend removal

You can choosto removethe averag ekvation, aleastsquares lineareénd,or a straight line
joining the first and last topograpliiaa points If the ground surface alonbe survey line is gerdly
flat excep for a few points, use theption to subtract a corasit vdue from the heghtsof the eletrodes
locations. Ifthe survey points are on a slope, choose either a-BEpsire oran endto-erd straight line
for the linear trend. Figure 3&hows an exampleith topography where thendto-end straight line énd
was remwed.

7 w

Type of topography trend remaval

“'ou can choose to remove the average or alinear trend from the
topography. The linear trend can be a least-squares straight line
or a line joining the first and last points of the topography. After
you have selected the type of trend removal, the prograrm will
display the topography. Selectyour chaoice below.

" Awverage elevation

i* Least-sguares straight line

" End-to end straight line

(0]4 | Cancel

Aatheroghan Mound Line 00

Osiginal topagraphy
5.2 e I,
e —

P -

a3 —

Topography after trend remaoval

A0

Unit electrade spacing 2.00 m.
Vertical exaggeration = 2
End to end straight line removed

Figure 36. Topography linear trend removal for the Rathcrogan mound @dta s
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11.7.3 Type of topographic modeling
Selecting this optiorwill show the fdlowing dialog box where yowcan choose three different
topogaphicmodelingmetiods.

Type of topographic modeling

Your data set has topography. In order to incorporate the
tapography inta your inversion model, wou can choose one of
the methods listed below.

 Motopographic modeling, i.e. ignore the topography

" Distorted finite-element grid with unifarm distortion

& Distorted finite-element grid with damped distortion
Topography distortion damping factor 01 to 20 [o7s
" S-Ctransformation with distorted finite-elerment grid

Cancel

Distorted finiteelement gd with uniform distortion: This method, and the next two theds, use a

distorted finiteelement gridsuch that the surfageodes of the mésmatch the actual topogrdyy. This

gives more accuraresluts than the olér method of usng the correction faorsfor a homogeneous earth

model calculated with the finitelemrent mettod (Fox et al. 1980) which carcause distortions ina®s

where largeresistivity variations ocar near the surface (Tongidh Yarg 1990 Loke 20@). In this

patticular option, the ndes kelow the surface (and thus also the model layers) aftedhd the sane

extent as the surface nade

Distorted finiteelement grid withdanped distortion : In thisoption, the subsurface neslareshifted to a
lesserextent conpared with the surfaceodes , i.e. the effect of tthhe topo
This opton is probably a reasonabledite if the curvaturef the topographis lessthan the depth dhe

deepest model layer. dampng fador that ©ntrols the degeeof damping with dpth (Figure 38) can be

modified by the user.

SC transformatim with distated finite-element grid: This method uses the SchweChristoffel
trarsformation method to caulate the distortion in thsubsirfacelayers. t is probably the best method

that popducs a mor e o6natural 6 | ook icongmrativeldiade topographyi on i
curvature. h such cases, the daedtopography aproach might produce unustis thick model layers

unde area whee the topgraphy curves pwards. In some unustuaags where the topography has very

sharp acute peaks or lels and spese topography data points, tif&chwarzChristoffel transformation

method might not work. If this happens, add a few extpogiaphy @ta pointsnea the places with a

sharp curvate inthe topography.

Figure 37 shows an example of an inveesi model for the Raklwrogan Mound (Wadel and
Barton 1995) dataet that has topography frolreland. The burial chanber is the prominent high
resistvity region a few meters below the surface below the 20 matads. The L1-nom inversion
method was usgkto sharpen the balichamber and # surroundng soil. A unitelectrode spacing of 2
metes wasusedduring thesuwey, but the inversion model usesiodd blocks of 1 meter width due to
significant lateral vadtions neathe surface.

(a). Rathcroghan Mound Line 80

Fs-2 _35.8 -5_80 28.8 2.8 n
i |
—— "

,2|‘3_|3 12‘.I| Jlll‘.ll bﬂl.ﬂ 76‘.0 9. 3
—~a S

6
Heasure d Apparent Resistivity Pseudosection

1.02
3.07
5.12

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

Figure 37. Exanple of the modl for the Rathcrogan Moundiata set. (a) Measured apgnt resistvity
psewlosetion. (b) Inverse model sectionith topography.
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a ). Arrangement of model blocks without topography

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

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

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

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

2D inversion model (a) Schematic

diagram of a typical 2D inversion model with no topogphy. Model mesh disatization with a dstorted
grid to mach the actual topography where (b) the subsurface nodeshifiredsvericdly by the same
amount as theurface nodes, (chéshift in the sibsurfacenodes are graduglreduced with depth or }d
rapidly reduced with degh, and (e) the model obtained wh the inverse Schwart€hristoffel

Figure 38. Different methodsto incorporate topography inta
transformation method.
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12 Print menu
Clicking this menu will displayhe following option

x.s! RESZDINVx64 ver. 4.8.1 - 921 - D:\Res2dinvx6\IPMAGUSI MF.DAT
File Edit Change Settings Inversion Display Topography Options | Print| Help

Save screen as bitmapped graphics file *
Select type of bitmap graphics format

Print - Sawe <reen a bitmapped graphics file : This option make a seceen dimp of thesedions
drawnonthe screen.

Selet type of bitmap graphics format: This option selects the tgpof bitmapgraphics format to use
for thescreen dump. The optisare shown belw.

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 farmat are much smaller.

" BMP * JFPEG = PMNG
" TIFF  GIF

0] 4 | Cancel

13 Help menu
Clicking the Help menu option widlispay the following list of sub-options.

,'ﬁ! RES2DINVx64 ver. 4.8.1 :- 921 - D:\Res2dinvx64\[PMAGUSI MF.DAT
File Edit Change Settings Inversion Display Topography Options Print | Help

Program Info k
System Info

Help
Technical Support

Show AGS license file
Unregister AGS license

Program info : This will display the copyright notice and website addrfessdownloaling program
updates.

System irfo : This will display the computer ouces ard program licensaumber.

Help : This will launchthe hép file for the program,if the Res2dinv.chml# isin the same folder as the
Res2dinvx64.exe file.

Technica support : This will display the email adess for technical gpat as well aghe custorrer
information reuired.

Show AGS license fie: This slows the caterts of the file in the computer istalled by the AGS online
digital copy protection system.

Unregister AGS licens: This removes the AG$ckense from the comper so that it ca beinstdled on
another omputer.
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14 Displaying and exparting inversion modd results

Selecting the 'Displaymenuoption will create a new window with a number of optitmeead
thelINV files produced from the uersion of the dataets and to dis@y and export the informaton to
other programs.

141  File menuoptions

Clickingthe 'File'menu will display e fdlowing list of suboptions.
,,.EE RESZ2DINVx64 ver. 4.8.1 :- 921 - Display Window
File | Display sections Change display settings Editdata Print Buit

Read file with inversion results

Read DOI files »
Model export »
Trace program execution

Quit display window

14.1.1 Read file with inversion resuts
This option is used to reaith a file with an INV extension prodoed by the Res2dinvx64
progam that contains the inva@on results

,,lE! RESZ2DINVx64 ver. 4.8.1 :- 921 - Display Window
File | Display sections Change display settings Editdata Print Exit

Read file with inversion results
Read DOI files k
Maodel export 4
Trace program execution

Quit display window

14.12 Read DOI pair of inversion files

This option reads in the TXT file that contains the names efgglr of INV files created when
the optiont o0 6 Ca |l c uof iavesdgationindexdo eftien 11.1.2) wa earlier selected. This i
aubmatially readin thetwo files and calculate the DDvalues. This should only be used if the inversion
was carrid ou on thesamecomputer.

,,ls! RESZ2DINVx64 ver. 4.8.1 - 921 - Display Window
File | Display sections Change display settings Editdata Print Exit

Read file with inversion results

Read DOI files * » Read DOI pair of inversion files

Model export 5 Read second DOI inversion file

Trace program execution

Quit display window

14.1.3 Readsecond DOI inversionfile

This optionshould beused ifthe INVf i | e s f r o m egiomeaf inesigalionnddxtareae r
coped from a different omputer. In this case, the folders listed in the TXT file ntigit be vaid. To
calculate the DOI valueshe two files musberead in sepataly. Readthe firstflets i ng t he O0Rea:q
with inversicnresli t s On listegpldbovelNex t us e tetond®Ob Readessi on filed
in the second INV f@.
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14.1.4 Model export
Selecting this optin will display the dllowing list of sub-options to export thenversion model
values to diferert file formats.

:;! RES2DINVx6d ver. 410,21 :- 2074 - Display Window
File Display sections Change display settings  Edit data Print  Exit

Read file with inversion results
Read DO files >

Model export * Save data in AGS XYZ format
Save data in Geosoft GDB format
Save data in XYZ format

Save data in SURFER format
Medel cutput file in LUND format
Model output file in MOD format
Model output file in YT format

Trace program execution

Cuit display window

Save data in AGSXYZ format- This saes model values into aimpletext file table Rowsin the table
eachrepresent singlequadrilateal block of amodel Columns represent differebtock propertiesuch
as resistiviy, senstivity, postions of each 4 corners of ablock, and several thers. If some block
properties are riodefined or have nobeen calculated foa given inversion modgthe column wil
cortain entries withasteisks (*). If exporting a time lapsenodel, addibnal coluims are add# to
representegstivities (andl.P. valuesif available from each time stehese additionatolumns appear
furthest to the righin the table.

All column varables aredescribedn the header of the text file. The header alsotaios information
abaut the size of the model including e.gthe vertical andlateral numbef blocks. Theoutput blaks
form a structured grid. This means thédcks alwaysshareedges with four othemeighbaing blocks if
not & a boundary. fis subdvision may by finer than the coarser geof blocksusedto define individual
parameters in the inversion procedufe. map from the fine (regular) block grid thet coarser (less
regulr) block grid, the column calledlkindécan beemployed. It ndicates which coarseblock agiven
fine blockis part of.

Save dta in Geosoft GDB formt - This saves modelalues h aGeosoftGDB database file which can
be opened and edil in e.g. Oasisnontaj. The resulting GDB file will contairexactly the same
information isin the AGS XYZformat descrited in the abve pargraph.Saving data taGDB files
requires installation of a set of files. The steps needed for this are desciygubimdix G.

Sawe data in XYZ format- This saes the data and model values irtdext baed XYZ type offormat
used bymany contouring programssuchas by Geosoft. These are separate narogsold by GEOSOFT
Inc. and other ompanies that enable you teeumore sophistaied catouring techniques timethose used
by the RES2DINV progam.

Savedata in Surferformat - This ogion allows the user tgave tle apparent resistivity pseudosections
and model sectionsin the format usd by the SURFER graphics-[2 plotting programby Golden
Software. A descripbdn of the steps involved is dedmed in Appendix E.

Model output in Lundformat - This is a datdormatused by the LUND Imaging System prodddy
ABEM. You cansavethe model esistivity values in the .RH@nd .RMS filesusedby the MODSEC
program.

Modd output in MOD format This saes the inerse model intdhe format usedy the RES2DMOD
forward modellng program.

Model output in VTK forma- This saves theinverse model inb the VTK format used by th&ee
Paraview gaphics potting program. Globatoordinates, if present, are alstored m the vtk filesso ha
models fom dfferent lines hae the sme coordinate system. The positiondhe& electrodes aresavedn
a sepaate file with a name that ead wi t h kATHe Mtle files with global cordinates from
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different 2D lines in thesame area can hdisplayed togeher in a fence diagrandisplay using the
Paraview program.

14.1.5 Trace program execuion

When this opton is enabled, the programilldump informaion into a R2ZDTRACEX64. TXT
file during the inversion processhi§ is maily used to trag poblems in the program if it is unake to
read or invert a data file. The file Wihesavedi n terhpeluffée r _fdddrin éhe buffer drive.
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Display sctionsmenu options

This coversseveral options to display tineodel segons.
,.‘! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - DA\Res2dinvx64\BlueRidge INV

Fil

e | Display sections [aChange display settings Edit data Print Exit

Maodel display
Sensitivity displays
Time-lapse displays

3

L4

3

Display region of investigation

14.2.1 Display data andmodd sections
Clicking this gtion will bring up the following list
,.‘! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV

File | Display sections | Change display settings Edit data Print Exit

Model display
Sensitivity displays

Time-lapse displays

Display region of investigation {

k 4 Display data and model sections
N Include topography in model display
Choose resistivity or IP display

»
Save contour values

Display data aml modé sections Select this option to plahe model and ggarent regstivity sections on
the screen. After selecting thigtion, yair will be prompéd for the iterdion number to use, aritie type

of contour intervals. The followindialog box will be shownfor resistivity data where all the valgeare
positive.

p
Select Type of Contour Intervals

(" Linear contour intervals

~

o ]

Set Resistivity Contour walues

Choose the type of contour spacing you wantto use:-

f+ Logarthmic contaur intervals

" Lser defined linear contour intervals
Lser defined logarithmic contour intervals
" User defined contour intervals

" Read contour walues from file

Cancel |

\

The 'Linear contour interval®ption will automatically sethie contouiintervals thatarelinearly spzed
out. This is usuajl not the best option for resistivity dataitf has a large rang butis more suiable for
I.P. data that hava more limitedrange. The 'Logarithmic contouiintervals' will space out the etours
on a logarithmic sale ard should mrmaly be used for restivity sections. The 'User defined linear
contour intervals' ogtion will bring up the following dialog box.

-

\

Linear contour intervals

“

Minimum wvalue is 12.6. Maximum walue is 124.3.

Enter Minimum Contour Value

Enter Contour Spacing Yalue

o]

Cancel |

You should selet the initial contour value andpacing such that it covers traenge ofresistivity valles.
Choosing theUse defined logaritmic conbur intervals' option will bring up ehfollowing dialogbox.

Co|
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’
Logarithmic contour intervals

kinimurn walue is 513 kaximurm walue is 968.1.

Selectfactor to increase contour values -

™ 1.19 (Doubles every 4 contours) ™ 1.26 (Doubles every 3 contours)

@ 1.41 (Doubles every & contours) = 2.00 (Doubles every 1 contour)

™ 1.33 (8 contours per decade) " 1.47 (6 contours per decade)

" 1.78 (4 contours per decade) " User defined contour increase factor

Minirmurm Contour Value : |5 g

User Defined contour increase factor: |1 361

0] | Cancel |

h

There aretwo sets of the automatic facs to increas¢he cortour values starting frm the minimum
value. The first st doubleghe contour valesafter everyl to 4 contours. The send sefincreases the
contour value by a fagt of tenafter evey 4 to 8 contous. A user defined factor tadérease the cootr
value is also available. Sedting the 'User defined contointervals option will bring up the following
dialog box.

[ B ' User defined contour values lﬂ_hr
inimurm value is 4.60. baximum value is 16511,
Contour Mumber  Value Contour Mumber  Value

1; YT 9 R
2 T 10 f3s
3 TR 1:  [ees
4 eg 12: 2653
5 s 13: [3784
B CTR 14: [53ms
7 TR 5. [ee3
g8 4.8 16: [l0go4

Fress the Tab or Enter key to mowe 1o the next box. Fress the
ESC key to move to the previous box.

-

(0]:4 Cancel ‘

b

A se of default contour values using a logarittonar linea scale vill be displayed.The user can change
the conbur values manulg. The last option 'Read conipo values from file' enables theser to euse
contour valiesthatwas saedealier into a fileusing tle Save contour valuemenu option.

Include tgpographyin mocel display - For inversion results wher@pographic moeling wee earlier
carried outyou can incorporate the topoghgpinto the model sectiotby calculating that the true depth
andlocationof the model blocks below the surfaéégure 37 shows a exanple of a malel section with
the topograpy. After the setion is displayed, you can dispy the results for the next rsgion by
pressing the Pgb key. Similarly, pressing the PgUp kewvill display the results for the previous
iteration.

Choose regtivity or I.P. dsplay- If the data set hasP. data as welthis option allows you to chose to
display the resistivity 0l.P. setions. You can lao dispay boththe resistivity and IPmodel ctions at
the same time.

Save contouwalues - This opton saesthe vales used to draw the contounsthe pseudo ahmadel
sections into a file.
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14.2.2 Sensitivity displays
This set of opions display te mald sectionswith the sensitivity oresoluion values.

!5! RES2DINVx64 ver. 4.8.1 :- 821 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
File | Display sections | Change display settings Editdata Print Exit

Model display 4
Sensitivity displays 4 Display blocks sensitivity
* N Display blocks uncertainty

Time-lapse displays
Display minimum and maximum models

Display region of investigation Display model resolution

Display blocks sensitity - This displag a setion with the sensitivity value assotesl with each mael
block. This actually giveshe integrated sensitivity valugssociatedvith each modeblock as givenby
the following equatin.

1 m
S, =Yyl (14.1)

i
m f:]

It sums up the Jacobiamatrix vdues assciatedwith the nodel block for all the datagints. It is a \ery
cruce measure of the inforrtian the data set has on theistigity value of a modeblock. A better
measue isthe model reolution value.

Display blocks uncertainty, mimum and maximum radels- This dispays an estimate of the untanty

in the malel resstivity values, and théower and upper limits of the sistivity values based othe
edimated ugertainty. If the modelresolution was calculated, the uncertaintiueas calculated fom the
diagonal elements of the(J™J + /F )! matrix. If the model resolution was not calcated, an
approximation of the wertaintyis used. The mamum and minimum sections are calculatefrom the
inversion model values and the asdied uncetainty in themodel values.

Display model resolution If the option b cdculate the model resolutiovalues was selected (section
11.4.6), themodel resolutia vdueswill be saved in the INV file. This option displays the saved model
resolutbnvaluesin the fam of a section.Selecting this option willisplay the folloving dialog box.

Select type of model resclution information to display

r'ou can display the total resolution walue for a madel block, arthe
resolution divided by the area of the blocks. The index value
multipies the resolution by the nurmber of odel blocks. The point-
spread function shows the degree ta which the true value of a
region of the subsudace is spread outto neighbouring model cells.

" Tatal resolution walue + Resolution per unitarea
" Tatal resolution index " Resolution per unit area index
" Point-spread function

The first opton displays the raw model restbn values, while the seand option disphys the model
resolution normalized by the crossectional area of ¢hmodel block. Othe things being egal, a model
block with a hrger area will hae alarger resolution value byirtue of its size. The thicknesof the
model layers inazass with depth and the blocks at theides extend laterally to the edges of tmiei
element/finite-difference meshThus, the blocks at thedss have a much fger area than neighboring
blocks in the interior of the modellhe pointspread functiorfOlderborger andRouth, 2009) values ca
also be displayed if the file from the ingén aso containsthe vdues (sectn 11.4.6).

As an examplefrigure39 shows the inversion model fdre LANDHALL.DAT data settogether with the
model resolution sdions. Note the model resolution valu€sgure39c) show a slighincrease towards
the sdesand bottom of the seci particularly at the bottosteft and botom-right cornes which might
be misleading. This is delto the large sizes of the model blocks @&t $kdes ard bottom.The nodel
resoldion normalized by the areaf the blocks Figure 39d) avoids thisartifact. Some authors
recoommaend using a \alue of 0.05 (i.e. 5%)as the cutoff value to judge whether a rediassignificant
resolution. Using avalue of 0.05 as the cutgfibint for the moel resoltion values might be bitrary as
it does not take int@account he model discretaton used. Ifa finer model discretation (with more
model cells) is used, we wlabiexpecton the aeragethe model esolution for a cell at theame location
will be reduced since the cell size smaller. Theoretically theum of theelements in a domn of the
modeé resolution matrix isequals to 1.0. The average value of the aelayents in the colmn waild
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then beequals tdl.0/m wheremisthe number of mael cells. A more useful measute judge whether a
model cell § resolveds the ratio tle cdl resolution value to this averagealue. The third and fourth
option displayshe model resolutionmultiplied by tle number of model cells. iemoves the effeof the
model discretization s (Loke 2018). The model restilon indexsection after armdizaion by the

model block area ishown inFigure 3%. A reasméble modelresolution index cutoff Vae would be
about5 to 10

(a) Measured apparent resistivity pseudosection
0

24 48 72 96 120 147 m.
-

-

I I N N N T ([ [ .
12.5 17.7 250 354 50.0 70.7 100 141
Resistivity in ohm.m

(c) Model resolution section.

24 48 72 96 120 147 m.

e —— e |

N  RRRLErRERNBERETDERAAAALRMLRANNNNRRD
(d) Model resolution (normalized by area of model block) section.
oa 0 24 48 72 96 120 147 m.

e —

I I N [ (S [ ) [ [ ..
0.001 0.002 0.004 0.008 0.016 0.032 0.064 0.128
Model resolution values

(e) Model resolution (per unit area) index section.

0 24 48 72 96 120 147

m.

1 ] 1
0 4.

(] [ [ I [ () [ [ ..
64 100 215 464 100 215

1.0 X
Model resolution index value

215

Figure 39. Model resolutio sectionsfor the LANDFIL.DAT data set. & Apparent resistivity
pseudosection. (b) Inversion model sectior). Nlodel resolutionsecton. (d) The model resolution

normalizel by the crossedion area of the model block. jeThe model resolution index (af
normalzation by modeblock area) setion.
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14.2.3 Time-lapse displays

This shows the inversion resultsr fome-lapse data ets. Tme-lapse fles have the resistivity
values for two or rareinverse models. The followmoption displays the change tine moderesistivity
values ketween the nitial model and a latgtime model.

!5! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV

File | Display sections | Change display settings Editdata Print Exit
Model display 4

Sensitivity displays 4
Time-lapse displays 4 Select time-lapse display method
Display region of investigation Esplavichangeinies s ay/EE
Display resistivity ratio
Display percentage desaturation
Change factor in Archie's Law
Display time sections with topography

Select timdapse display ntbod i You can dispay the change inthe resistivity of a latetime model
compaed D the firsttime model or copared to the precedirtgme mockl. For example, if therearefour
time-seies models, you can dplay the change in the fourth tirseries moedl comparel to thefirst
timeOseriesnodel or compared to thkitd timeseries nodel
Display change in resisity/l.P. - This option will digplay the ©iange in the maal redstivity obtained
from the inver®on of a later time data set compared with t&ferencemodel fom theinversionof the
first data set. Aftedisplaying the sctionswith the percentage chgain the model resistivity vadis, you
can change the timlapse data seselected by using th&Home' and 'End' keys. By default, the resfdts
the kst timelapsedaa set wil be shown. You can showé results of an &rlier data set by pressing the
'Home' key. As an example of &lfl expeiment of timelapse measurements Figure 40 shows the
results from a test on the flow of water throube unsdurated bne cmducted inBirmingham (Barker
and Mooe 1998). Forty thasaml liters of water was pouresh the ground surface near tBé meters
mark along the wvey line overa period of 10 hours. e initial data set collected before the water
irrigation beganagethe with the corresponding inverse moda&k shown inFigure40a andFigure40b.
The subsurface consiag of sand and gravel is highly inhomogenedsa conparison,Figure40c and
Figure40d shows the dataotlected ad inversion moel &ter the irigation of the groundwgface was
completed. The distribution of th@ater is not very dear fom a diret comparison of the inveis
models alone. fie waterdistribution is more esly determined from a plot othe percergige change in
the sibaurface resstivity in the inversbn models for the data sets taken at diffetemes (Figure 41)
when compared with lte nitial data set model. Theatd set collected at 10 hourgtef the irigation
began Bowsa significant reduction in the rdstivity (of more than 60 percent) near thegnd surface in
thevicinity of the24 meters mark where thearesurface low restivity zone has reached its Ri@um
extent and amplitudd={gure 41a). Six hours aftethe irrigation was stopped, the low resigtivplume
has spreé dowrwards and kghtly outwards due to initration of the vaterthrough the unsaturated zon
into the water table (that iat a depthof about 3 metes). There causs a decrease in the maxum
percentage reduction in the resistiviglues nearthe surhce Figure4ib).
Display resistivity ratio - This qgotion will display the ratio ofresistiviies of the latertime model
compared with the referencenodel.
Display percentage desaturaticnArchie's Law that givesthe elationshipbetween the resistivity o
porous rock andhe fluid saturation factor ispplicable for certain types afocks andsediments,
particularly those tlat have low clay conten In the case, the electrical conduction $sumed to be
throudh thefluids filling the pores of the rockrchie's Law is gienby

r=arwf™ (142)
wherer is the rock resistivy, rw is fluid resistivity, 7 is the frat¢ion of the rock filledwith the fluid,
while a andm are two empirial parameers (Keler andFrischknetit 1966). For rost rocksais about 1
while mis abait 2. Under certain spet conditions, the above equati can beused to determinthe
change inthe fluid saturation ofluid resistivity with time. If initially thesubsurface materidis saturated
with water, andhe change inhe resistivity $ caisedby withdrawal of watefi.e. a reduction in the
fraction per unitvolume of the ock which is filled with water), the dgaturation factor (Keller and
Frischknecht 196) can be calculat&l from the changen the subsugce resistivig. To calculatethe
desauration factor, the vak of them parameter in Archie'Law is reeded. By defatylit is set t02.0 but
this value carbe changed by the user. On the other extremesder acase whee thefluid satuation
factor dbes not changbut the resistiity of the fluid changes (forxample in tracer experiments Wit
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condutive salt belowthe water table) The ratio of the restivity of the fluid at the later time to the
initial resistivity can ke calculatel directly fromthe model restivities. It mustbe enphasized that the
abovetwo situations are ideal cas@e resuls are only vall if Archie's Lav holds for the subsuate
medium. In many cases, the relationshipueen the medium raistivity and wagr content is mch more
compicated (Olivaret al. 1990).

Birmingham garden field test

(a) Before water i ion. A istivity p d

Ps.2 a.e8 600 12.8 18.8 24.8 30.8 36.8m.
| | ! ! !

8.778
e O
2.34

3.1
3.89

4.67
5.45

Measured Apparent Resistivity Pseudosection

(b) Before water infiltration. Model resistivity section.

Depth Iteration 4 Abs. error = 4.8 %
6.0 6.08 12.
| 1

a 18.8 2n.8 a8.a 36.8
! ! !

9.188
1.8
2.m
3.23
3.92
4_69
5.53
646

Inuerse Hodel Resistivity Section

(c) After 10 hours. App istivity pseud;

Ps-2 0.0 6.00 12.8 18.9 24.9 30.0 36.0
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B.778
1.56
2.34
3.11
3.89
h.67
5.45

Heasured Apparent Resistivity Pseudosection

(d) After 10 hours. Model resistivity section.
Depth Iteration 4 Abs. error = 4.8 %
6.0 6.00
n

a.188
1.8
2.m
3.23
3.92
4.69
5.53
646

L -
Figure 40. Apparent restivity and inversion modl dions from the Birmingham timdapse
experiment. (a) The apparent resistivitydgb) inversion malel setions fromthe survey coducted at
the beginning of theBirmingham infiltration studyThe data and model after 10 hswf irrigation are
shownin (c) and (d).
Birmingham graden field test
(a) After 10 hours. Maximum water saturation

Depth Iteration 4 Abs. error = 4.8 %
a.8 6.88 12.8 18.8 24.98 30.8 36.08m.
n ! )\ ! s

0.188
1.61
z.m
3.23
3.92
4.69
5.53

646

(b) After 16 hours. 6 hours after end of water infiltration.
Depth
P g0 6.00 12.8 18.0 24.8 30.0 36.8

6.188
1.1

2.m

% Change in model resistivity section

I N N () ] (T (O T ) [ T (.
-80.0 -66.0 -40.0 -26.0 8.00 20.0 4a.8 60.0
Percentage change in model resistivity Unit electrode spacing 8.758 m.

Figure4l. Sections showing the changetlire subsurface resstivity values wih time obtaind from the
inversion of the da setscollected during the ifitration and recovery phasestbe study
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Change factoin Archie's Law- This option allowshe user to change the exponemnih equation {4.1)
usedto calcdate hedesaturéion value.

Display time sed@bns with topogaphy- This option display theestions with the percentage chigmnor
resitivity ratio with topography ircluded.

14.2.4 Display region of investigation
This display the dept of invegigation (DOI) section if it was calculagd. On seleatig this
option, thefollowing dialog box will beshown.

Type of DOI to display

“ou can choose to dislay either the original DOl without narmalization, or the DO after
normalization, or & smoother version of the DOl that uses the awverage of the values of
sewveral model cells.

" Original DOI " Normalized DOI + Smoothed normalized DOI
oK | Cancel |

The different typesf DOI aredescribed in Apendx F. After you select the appromte choice,
you will need to select the typd contour values touse br the DOland model restivity sectiors. An
example ofa DOI section plot is shown ifrigure 51 in Appendix F.

14.3 Change diplay settings
This cover a numbe of parameters that otrol the display of the sections as listedthe
following menu
!e! RES2DIMNVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge.INV
File Displaysections[Changedisplaysettingsl Edit data Print Exit

Color settings k 4
Display sections settings 4
Select fonts and units 4

14.3.1 Color settings

This mver a numbeof options to chngethe colors used in drawinthe sections. The program
uses X colors i the contour sae used in drawing the sections. Youam adjust the colors using the
options in thdollowing menu list
!6! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
File Displaysections[Changedisplaysettings] Editdata Print Exit

Color settings 4 Default color scheme

Display sections settings 4 ReveEs Ealler SHrEnE

Customise color scheme

I » .
eeleeiiontslandiugis Read customised color scheme

Color/Grey Scale display

Default color scheme This will reset thecolor scheme &l for coloring the sections tadefault system
used by the pgram.

Revese color scheme The default color scheme uses bluerflow resistivity values, and red for high
values. This enableghe ugrto revese the colorssed.

Customizecolor scheme This option can be used to marlyachange the colors used. Aftehanging
the values, theolor scheme ca be saved into a fileo that it can be reused.

Read customize coladheme - You can tiangethe color sheme to a seif customizeccolors that was
earier saved in a file.

Color/Grey Scale display By default,the progran will display he seudosectiors and model section in
color. This option allows you to display thec$ons usng a grg scak, possiblyfor making prntouts on
normal laser printes. Different shades of grey, rging from pure white to pure li#, are ued.
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14.3.2 Display sections sdtings
This set of optins change the number of sections displayeshdrizontal and \erticd scales.

The various optins are listedh the following menu.
x.6! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
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File Display sections | Change display settings

Color settings

Editdata Print

»

Display sections settings L4

Select fonts and units 4

Exit

Number of sections displayed
Apparent resistivity difference
Vertical display scaling factor
Horizontal plotting scale

Use linear depth scale

Show locations of data points
Resistivity or conductivity display
Display pseudodepth values
Type of model display

Leave contour lines in display
Type of pole-dipole display
Interpolate pseudosection levels
Underwater display options
Display Global Coordinates

Use Delaunay triangulation

Trim part of display with topography

Blank out part of model using sensitivity values

Blank out part of model using resolution values

Type of model resolution value used for blanking

Number of sections gikwyed- You can choose to dispf 1, 2 or3 sections onhie $reen. By ddault, all
the 3 sectins (the observed and calculated apparenttigsyspsaidosectios ancthe modekection) are

displayed.

Apparent resistivitydiffererce - You can choose toisplay either the calculated appnt restivity
pseudosetion itself, or the percentage diffenee between the logarithms of the calculated @bserved

apparehresstvity values.

Vertical dsplay scalingfactor - This gotion alows you to specify theatio of the vertical scale tdé
horizortal scale, i.ethevertical exggeration factor, in ta display. Convenient values to use are 28, 1
and 1.0. If you enteravalue 0f0.0, the progna will use a @fault scalingdcta sothat the display cantfi

into the display screen.

Horizontal ploting scale- This alows you tochange the horizontalkale, in terms of number of pixels
per unit ekcrode spacing. Ths opion is usefil when you wanto plot theresults from diferent survey

lines with differext numbers of electrodes, withe same sde.

Use lineardeph scale - The program normally didpys the depths to the centers of the modgéra
when it displays the model sedbn. The thickeess of the lagrs usually in@asewith depth, so the
correspading depth markers are not efjyaspaced This option ca be used to digplay the depth
markerswith a constant spacing.
Show locations of datpoints - By defadt, the location of the data paits (and cents of the model
blocks) will be shown by white dts in the color pseudosectiorsplay. Yau can choose ndb display

thedats with this option.

Resistivity or conductivity display The resétivity pseudosectins aml model setions are norniy
displayed.However, you ca display the sections using cductivity values (i.e. the recipcal of he
resistivity) which ismore canmonly used in certaifields, such as hydrogeology.
Display pseudodpth values - For the appaent resisivity pseudoseions, you candisplay the

psaidocepth values on the verticascale, or display the electrodgpacing ad

applicable)

fino

freret or s

Type of model displayIn this option, you can display the residty values in themodelsection in the
form of cortours (the dedult choice), oin theform of rectangular bldes which constitute the inversio
model. The contoured séion makes it eaier to visualize geolgical structures, while finer features might
be nore eadly deteded inthe rectagular blocks setion.
Leave ontour lines indisday - This option will drawthe contour lines as black lines
Type ofpole-dipole dispay - This optio is only relevant fompole-dipole data sets with measurements

with the fiforward o

fi f o r v aessdlconfiguration.

aevelse fiole-dipde arrays (sedppendix A). Here you can chae b display
the apparent regisity values measured with tteray in h e

Interpolate psudosection levels Certain types of nogonwenional aray measremei sequencesan
result inan arrangemeruf the data paits in the pseudosection with none data point at some data
levels. Ths results in a ery jagged appegance in the outline othe pseudosection. This option will
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interpoltethe pgudosectin cortour plot © reduce the gged appearaedor cases witldata levels with
only one pointAlternatively, you can useti®@De | a un aayn gaptioat i on 6

Underwaer display options This covers the display of model sections fouaderwater surveywith the
electroaks on the riverlake or seded (section 7.2). The first option in the fidlowing dialog box
extends the wdel secthn drawn to thesurface boundaryof the water bottom. \Wat a contoured display
is used, normally theerters of the modé blocks are usedwhich in the ase of the tomost layer is
slightly below the water bottom lhmdary. Thus, in the normal digy thereis a slight gaetween the
top of the model section ahwater bottom. Figure 42 shows an examplea gfot with both opions
erabled. Nee this gap dog not appearfithe model se@bn is dawn with rectangular btks. In the
second option, theolor of the water layer an ke changed tomatch the resistivitywalues in the contour
scale used for the moddisplay.

s ~
Display options for underwater survey models

This option will extend the contoured model section to the surface
boundary of the water hottam.
Extend contoured model section? & No " Yas

This option allows you to change the color of the water layer abowve
the model section. By defaultthe program will use a dark blue color
for the water layer, butyou can choose to use a color that matches
the walues in color bar for the contours.

Use matching color forwater section? " Mo @ Yog
Ok I Cancel

—

() Apparent resistivity pseudosection

P52 qua a1 WO.6 5E.6 OB 7.6 B6.1 95.4 051 T1h.6 121 1836 .1 1526 1621 171.6 1811 1986 2001 200.6 218.6 22B.1 237.6 IN6.1 255.0 265.1 27h.6 ZEA.1 293.6  B0A1  31h6 AL
0.282 i A e S .

5.58
7.9

7
Weasured Apparent Resistivity Pseudosection

(b} Inversion model section with bottom topography

209.6 21B.6 220.1 287.6 2w6.1 5.6 ”’"_m'“ o L

6.0
I O [ ) .. -
28.3 A0 56.6  B0.0 113

0.0 i 20.0

Resistivity in shm.m

Horizontal scale is 9.89 pixels per unit spacing

Uertical exaggeration in model section display - 2.00

First electroge is located at 10.1 A,

Last electrode is located at 627.0 n. Uit Electrode Spacing = 0.508 n.
Water surface elevation is 8.99 meters.

Water resistivity i 0 ohn.m

Figure 42. Example of undrwater survey(a) Appaent resistivity pseudestion. (b) Model section with
topographyNote the contored model plot hasbeen extended upwasdo the water bottom interface, and
the colorof the waer layermatchesthe conbur scale usetbr the resisvity sections.This example is
from an underwat riverbed survey by Sage Enggring, Bégium.

Display Global Coordinates - This option will dsplay the global coordinates instead of tloed
coordnates abng treline, if the global coatinates were igen the data fe.

’
Display global coordinates in sectionsL

This option enables the program to display the harizontal locations
along the line as global coordinates if present.

& Display local coordinates " Display global coordinates

K I Cancel

Use Delaunay triangulatn - The program normally usessimple tiangulation metbd to draw the
apparent resistivity paslosection where the data points are arrangedby row accordirg to her
pseuddepths. This wiks well for nost data sets,gpticularly those measured usirggconventional array

with a unform spaang between adj&nt electrodes.ln some cases, partiauly for data in the general
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array format, whee the spacings betveen heelectroes is noruniform, the pseudsection does ndtawe
asimple contoured form.His is because the data poingoot be ganged into areall number of levels
with uniform psedodepths due to small variations in the elmd#rspacings. In seh cags an altenative
methodto draw the psudosection usnDdauray triangulation can based.

i B

Type of method to draw pseudosections

“'ou can choose to use a simple tiangulation method ta display the
apparent resistivity pseudosections, or to use the Delaunay
triangulation methad. The simple method warks well far most data
using conventional arrays. The Delaunay triangulation is slower but
works better for non-conventional arrays with non-uniform electrode
spacings. particularly for surveys in areas with topography. ltis
recommended that the Delaunay triangulation method should onhy
be used when the simple triangulation method does not display a
reasonable pseudosection.

* lse simple tiangulation " Use Delaunay tiangulation

(04 | Cancel |

Blank out part of modaising sasitivity values This option will allow you to blankout parts of model
that have low sensitivityalues using the folowing dialog box

' N
Blank out part of model using sensitivity values

Do wouwant to blank out parts of the model with
low sensitivity values?

f+ “Yes " Mo
The minimurm and maximum sensithily values
are 0.0324and 5.4

Flease choose a cutoffvalue for the sensitivity
to blank out parts of the model.

0.0&00
(8] | Cancel |

Blank out @rt of model ging resolutiornvalues- This is similar to therevious option expect the model
resolution per unit areaaluesis used ¢ select areas of theadel to blank out. This option can only be
usd if the @tion tocalculte the moél resolution alues was enddd before runmg the nversion of
the data fié (see section 11.4.6).

i 3

Blank out part of model using resclution values

Do you want to blank out pars of the model with
low model resolution per unit area values?

¥ Yes " Mo
The minimum and maximum resolution values
are 0.000268 and 0.855490.
Flease choose a cutoff value for the sensitivity
to blank out pans of the model.

0.05
(B4 | Cancel

Typeof model esolution valuaisedfor blanking - This selects the pe of model resolution used to blank

out partof the malel withlow resdution vaues. The varios options arén the following dialogbox.
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i =

Select type of model resclution to use,

select the type of model resolution walue that
is used to blank out parts of the model with
low resalution.

" Total resolution walue

+ Resolution per unit area

" Total resolution index

" Resolution per unit area index

(0] | Cancel

14.3.3 Selectfonts and units
These options e¢abe usedo change the fit of the charaters used in labelinghe sections, and

to use feet instead of meteiide following suboptionsare dispayed when thisnenu options selected.

,E‘! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D:\Res2dinvx64\BlueRidge INV
File Display sections | Change display settings | Edit data Print Exit

Color settings +
Display sections settings ¥

Select fonts and units . 4 Choose font
Use Omega symbol
Display distances in feet

Choase bnt- This option is uséto select the font used to fdlay textin the model sdins.

-

Type of font

“'ou can choose to use ane of the fonts listed below that will be
used to display the text in the when drawing the sections.
Flease click ywour choice -

+ Arial font " Courier New
" Times New Roman " System font

Choose Mormal or Bold characters:-
" MNormal font + Bold font
Choose size of font

* Regular size " Larger size

()4 | Cancel

.

Use Omgasymbol- This optionallows the user to select the word ‘'ohm'feGreek symbol Wto labé
the resigance or resistity values n the model seinsdisplay.
Display distances feet- This allows the useptdisplaydistances in fddnstead of the default meters.

Copyright 2022, Seequent



116

144 Edit data

The following option is displayedn selecting thismenu gtion.

,.5! RES2DINVx64 ver. 4.8.1 :- 921 : Display Sections Window - D\Res2dinvx64\BlueRidge INV
File Display sections Change display settings | Edit data | Print Exit

RMS error statistics k

This option disphy the measutkand calculatedpparert resistivity (and I.Pif present) as statistical
plotsin the fam of bar chartandscatter plds. It can be used talter out data points with high misfits to
createafilt ered dataet which can beused for a newnversion.

14.4.1 RMS error statistics

This displays the datmisfit between the measureddacalculagéd apparent resivity values n the form
of a histogam as shown irrigure 43a. Ths option @n be used toilfer out dataoutliers. Datawith
nomal random noise will glw an exponential decrease irethumber bdata points vth increasing daa
misfit, as in the inial part of Figure43a. Dat outliersare likely to lave much highedata misfit véues
which can be used to sep@rahem from the other data ptinas shen by a data paoit on the right erd
of the histogram ifrFigure43a. In this opion, the user siects a data rsfit cutoff vdue. The data gots
tha will be removed are niled in red in the scatter ploh the ridnt. If I.P. datais present, thescatter
plot for the gparent I.P. data points will also be displdyEigure43b). When youexit this window, the
program will pronpt the user toavethetrimmed data set intorgew file.

On the top menu bahere are dew options ashown below.

,E,E RESZDINVx64 ver. 4.8.1 :- 921- RMS Error Analysis Window
Print Exit
Choose apparent resistivity or IP for data trimming
Display estimated noise statistics
Info
Exit from this option

Choose apparent resisity or IP for data trimming- This option Wil display the folowing dialog box

Choose resistivity or IP

You can use the bar chart for the apparent resistivity
or apparent IP values to filter the data.

* Use apparent resistivity © Use apparent IP
Ifyou choose to use the apprent IF. you can remove
the corresponding apparent resistivity data points, or
keep them and replace the IP data points with invalid
values so thatthey are notused in the data inversion.
v Remove resistivity data together with IP
" Keep resistivity data, replace IP with invalid values

[ OK I Can-:el|

This select the apparenesistivity orappaent!.P. data misfit valuer the histogram plot. If yoselect
the option to remoe the data point based on the appardd®. misfit, you can remove both the apparent
resistivity and IP. valies, or reain the resistiity values wihle removing thd.P. vdue.

Display estimatedhoise statistics- If the inpu data hasrror values fo each data poirt, such as from
reciprccal measurements (see section 7.7), the pnogvidl also calculde a rormalized dita misfit. Ifthe

error vales are not presg the program will attempt teestimate the error values frorhe data nsfits.

For the L1-norm data misft, the normalized dataisfit (Lin) is given by

1 m

2.

J=1

pcj _pmj

L,
Ap mj +&

m
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(a) Fosthoeg Hian R sund Ll ns/08! Measured and calculated apparent resistivy correlation plot
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Figure 43. Histogam and scatter plots for the inkgon results ofthe (a) RATHCRO.DAT and (b)
IPMAGUSI.DAT data sets.

wherer. ard rm are he calculated ad measured appaen resistivity valuesand Orn is the estimated
error. In some casethe estimated erro might be zro if the normal and reciprocal @asurements give
the same apparent resistivityalue due to the limited accuracy the masuing instrumet. To avoid an
infinite value for thenormalized misfit, we add a small positive w@akto the denomiator. The L2-norm
data misfit is calculated ia similar way singthefollowing equation.
2

L — ii pcj _pmj

i Ap,; +&

Jj=1
Ideally the normalizedhisfits srould be dout 1.0 if thecalaulated values fit the data to withi the noise
level.
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Appendix A Arr ay types in RES2DINV
A list of the arrays pported by the RS2DINV program together ith their numbercodes is
given below.

Table40. Array types and their numbercodes.

Array nane Numbe code | Number of elecbdes
Wenner (Apha) 1 4
PolePole 2 2
Inline Dipole-Dipole 3 4
Wenner (Beta 4 4
Wemer (Gamma) 5 4
Pole-Dipole 6 3
WennerSchlumberger 7 4
Equatorial dipoledipole 8 4
Offset poledipole (only used & subarray numbe with data 10 3
in the general aay format)
Non-conventional or general array 11 2t04
Crossbhorehole stvey (appaent resistivityalues) 12 2to4
Crossborehole surgy (resistance values) 13 2t04
Gradient aray (only used as dararray number wih 15 4
datain the general arrafprmat)

A degription of the different arrays types is/gn in the fredutorial rotes on electrial imaging
(Loke 2018). Figure 44 showthe arrangement of ¢helectrodes for someommanly usel arrays.In
genegal, foran arrg with 4 electrodeshere are 3 podsle arrangements for the electroddshe Wenner
array has thredifferentvariations. Thé'normd" Wenneraray is actually the Wnner alpha array. The
Wenner beta array is special case of thedipole-dipole aray whee the "n" factor is lavays 1. The
RESDINV program will automatically convert a Wesmnbeta array datfile into a dipoledipole aray
data set

(A) Wenner (B) Wenner Schlumberger
C1 P1 P2 C2 C1 c2
N A T R O A
“—— 3 — s T+— gd —Ta— g - 3. na —
k=2ma k= mna(n+1) (n+2)
(C) Pole - Dipole (D) Dipole - Dipole
C1 P1 P2 c2 C1
l: na .__l.-_ a —»l l‘-_ a—»l na l“_ a—»l
k=2 mna(ntl) (n+2) k = mna(n+1) (n+2) (n+3)
(E) Pole - Pole (F) Multiple Gradient
C1 P1 Cc2

oL Lol '

B “«— na — = ma—»
k=2ma — (s+2)a -

k=2m/[(1r1)- (1/r2) - (1/r3)+(1/r4)]
P

I, k=2m/[(1/r1)-(1/r2)]

3

ri=na, r2=(n+1)a, r3=(s+2-n)a, = (s+1-n)a
= [n2a? +b? %% r2=[(n+1)?a? +b? |°°

(G) Offset Pole - Dipole

C1

oo

Figure44. Arrangement of the electdesfor some commorny usedarrays andheir geometric factors.
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Thegeneral array ith number code 11 is always given with a sedary subarray nunber code.
If the arrays ee actudly one of the conventional aays, the number coderfthe conventional aay is
usedas the sbrarray number (br exanple if it is a dipoledipole array thesubarray number is then 3). If
it is not oneof the conventioal arraysor if it is a mxture of differert arrays (such as thdipole-dipole
and grdient), the sukarray umbe is given as 0.

Thdor war d6 6mee®& var i potedippole arayaé hawh iae Figure 45. If an
offset dipoledipole aray is sed, the general arragata format should hased with a suarray ypeof 0.

Cq R B
na a Forward
i i i Pole-Dipole
B,h Cy
na Reverse
i i i Pole-Dipole
Offset Pole-Dipole
-t na - a —m
* L
T P1 P2
b
i* C1

Figure45. Normal, reversand offset polalipole aray arrangements.
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Appendix B SpecialOhmMapper Note

Data colleced by the OhmMagper system can b converted into the fonat used by the
RES2DONV program using thédataviap for OhmMappé€' program provicged by Geometrics, Inc. Thissi
a Windows bagk program. After starting the program, pleadick the EXPORT ption to arry out the
dat cawversion. Fao further details, plese refer to the OhmMaer manual provided b§eonetrics. The
figure bebw shows anexampé of a data set colleed by the OhmMgaper sydem together with the
inversion model pduced by the RE2DINV pragram. The surveyas conducted @er an area with
weatheed granite. The datset is given in the fé OHMMAPPERDAT. The measuements wee made
using the dipolalipole array with a ghole length "a" spacing of 10 metres and withvalues of 0.5a
3.5. Thedata set has 23daa points while the inversion mode&lonsists of 1240 call

a). OhmHapper survey over uweathered granite

-¥1.3 -31.3 8.8 48 .8 88.8 129 169 289 249 m.

Heasured Apparent Resistivity Pseudosection

Depth Iteration 5 RHS error = 18.6 %
-71.3 -31.3 8.8 48 .8 88.8 129 169 289 249 m.

Inuverse Hodel Resistivity Section
L J ] | J° Empeeyeey feeimmjeageay § § § |
188 200 Laa faa 1688 32a8 6484 12888
Resistivity in ohm.m Unit electrode spacing 2.5 m.

Figure 46. Exanple OhmMayper daa set and inversion rdel. (a) Apparenresisivity pseudosection

measured with an @hMapper mobile rgistivity surveying system(b) Model sedbn obtained by
RES2DINV program.
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Appendix C  Converting data from the PASI instruments

The PASI resistiity meters use two types ofath formats, thelder & x t for mat wi t h
extension and a e we r  Orpforfal. Tolconved theiles into the brmat used by the RES2RV
program,eiDht ak | thpemen nienuand tharseled the apprpriateoption in the list as
shown below.

RESZDINV ver. 3.59.29 - ID. No. : K4-888B777A-0516
Edit Change Settings Inversion Display Topography Options Print Help  Quit

Read data file

Round up positions of electrodes
Automatically switch electrodes

Calculate errors from repeated readings
Data Import

Collate data into RES3DINY format
Concatenate data inte RES2DIMY format

Run JACOBWIN

Change buffer drive

Set program priority

Save sorted data after reading in data file

Trace program execution

Import data in ABEM LUND format
Import data in ABEM 545 AMP format
Import data in 5ting 5TG format
Import data in BGS format

Import data in CAMPUS Imager format
Import data in IRIS format

Import data in OYO McOhm format
Import data in PASI tat format

Import data in PASI Polares format

Import data in RESECS format I}
Import data in RESISTAR format

Import data in SCINTREX 5GD format

Import data in MAE format

Exit program

Import data in Phoenix format
Import data in Zonge AVG format
Import data in OTHER format

After dicking the PASI format option, a d@y box will be déplayed tos e | ectd tdire 6t
Polares fomat data file. As an eemple, if you had sebted the option to impb a'txt' file, thefollowing
dialogbox will be displayed.

E\iﬁ Input Pasi data file ﬁ
@uv| , <« Data » pasi » MNew_Data_Format » - | ‘1>| | Search R |
‘ Organize ~ 828 Views + ‘ New Folder
Ot e Name Date modif... Type Size
EE. Documents = Suipdpe
B Desktop | Autpdppa
. | Autpdpr
1=l Recent Places £ Autppc
8 Computer £ Autpppa
EE Pictures | Autppr
EB‘ Music | Ddc
4 Recently Changed . Ddpa
EB Searches = Ddr
| Public L Pdpr
Folders ~
File name: ~hd - [Text Files (" ba) Y]
[ Open J [ Cancel ]

Selectingthe oppntoimpor t a Pol ar e singuptheffalovirdy didlagbox.i | e wi |
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Q‘E“ Input Pasi Polares ptf file E

%v| |, <« Polares » wenner-schlumberger

- |‘1~| |Seam‘:|

Eranicinks Name Date modified Type Size

[E Documents
B Desktop

%l Recent Places
8 Computer
IE Pictures

B‘ Music

% Recently Changed
E Searches
JJ Public

L mg-3-ws.ptf

Folders ”~

File name: ~ | PTF datafie (ptf) -
[ Open ] [ Camcel |

The pogran will then convert the data, andrgmpt the user for theaame of the file withthe
at &tensionto sawe the conveted daa in the RES2DINV fanat.
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Appendix D Surveys with electrodes suspended in a watkayer

The two arangemert for aquatic swveys have the éctrodes on the seabdsgection 7.9.1) or
floating on the water stace(section 7.9.2)havedisadvantags if amobile system is usedf the water
layeris thick, the resolution will be very poavith floating ekctrodes & most of the awert will flow
within the water layeand very little penestes into the sulbottom maerials which ae of interest.
Draggingthe cable along the btom might leado aher problems, such as the cable being gealgby
debris orthe seabedThe third posble arrangements to have the cableispended a short distze (such
as 1 meter) laovethe sabed. Ths hashe advantge of ketter resolution witlthe electrodeslase to the
targets of interest while avoidingbstacles on theeabed. fie example fileSusgnded-Streaner-
Aquatic-Survey.datife (Tade 41) shows tle dataformat forthis type of situation. Aftethe section vith
thewat er | ayer par amdet €reamer uséd h sta mdicetaltbatheceqreda ae
not on the water btdm but suspended ihg water layer. This i®llowed ly the man secion givingthe
elevation of the streamerlong the profe. Thisdata set is from a synthetic modeltlwihe cable 4 mets
belowthe water surfaz ard 1.0 to 1.5meters above an uneveeabed with a deptHf 6.0 to 5.5 meters
below the surface. Thewaterregion is nodeledby a finiteelement msh. The verticapostions of the
nodes in the mesh are autoioally adjusted @ take inb account vari@ns in the wate thickness
(Figure47) with adjustments at tle appopriate nods to ft the actual depthsfdhe electrodeslong the
profile. Figure48 shows tle pseudogeion and inver®n modd for the example data file.

« Electrode on streamer
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Figure 47. Mesh usd to model water laer.

(a) Survey with suspended electrodes in water layer
Ps.

Z
0.0 16.0 320 48.0 64.0 m.

0.416
1.73
3.33
4.81
6.10
7.38
8.85
10.3
11.8

13.8

(b)

Measured Apparent Resistivity Pseudosection

Elev. Model resistivity with top hy. | ion 5 Abs. error = 2.5
-4.07080 16.0

-6.0{ &
-8.0
-10.0
-12.0
-14.0
-16.0
-18.0
=20.0

-22.0

T ] ..
0.200 0.356 0.632 1.12 2.00 3.56 6.32 11.2

Resistivity in ohm.m

Figure48. Exanple data set anidiversion model for a survey with a streamasgended in a wet layer.
(a) Apparent rastivity pseudosdion and (b) inversin model section.
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Talde4l Example da file for a surey eletrodes suspended innater layer.

SupencdSreamerAquatic Survey.dafile

Commerg

Survey with sspended elctrodes in wate| Title

layer

1.0 Unit electrode spaaig

11 General array ype

3 Nonspecific sukarray

Type of measremen (O=app. esis,| Header

1=resistance)

0 0 to indicate @parentresistivity given
2172 Number of datgoints

1 Indicates true hazontal xdistances
0 No |.P.data

4 1.0,0.00.0,0.2.0,0.0 3.0,0.0 05826

First 3 data poinsin generd

4 2.00.0 10,0.0 3.00.0 4.00.0 0.15422

array daa format. Notevate

4 3.0,0.0 2.0,0.0 4.0,0.0 5.0,0.0 409

surface at M meter edvation

Simlar formatfor other data

points

4 12.0,0.0 4.0,0.60.0,0.0 68.0,0.0 83350

Last2 data pants

4 13.0,0.05.0,00 61.0,0.0 69.0,0.0.78482

Topograhyin separate list

Topography information heker for general eray

1 True xdistance

8 Nunber of topogaphy values

0.000;5.000 Topography x and walues

20.00;5.000 Note this isthe elewation of the truewaterbottom.
28.00;5.500

30.00;5.500

3400-5.500

40.00;5.500

47.00;5.000

69.00;5.000 Lasttopographydata point.

0 No fixedregions

1 1 indicates survewith submerged electdes

0.3005100.000, 20.000,0.0

Resistiviyy, let and right limits of water layer,
elevaion at top of vater layer

1

Indicates surface geometric factased

Suspendedtreameused

Header to mdicate survey vith suspended streamer

Type of suspended stmer information

(O=streaner,1=true watetottom

Header, b provide options for other ypes of
informaion in future

0

Use 0 for now

Number of stremer elevation dat points

Header

7

Numberof values for steamer elevation profd

x and z coordinatesf points on streamer

Header

0.000-4.000

Thissection ligts thex and z coordinates fo

10.00;4.000

points dong the streamer profile

30.0054.000

35.0054.001

40.00;4.000

60.00;4.00

69.00,-4.000

0,0,0,0

End with a éw zeros
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Appendix E  Plotting with Surfer

Over the yaars, themenu gstem in the Surfeé program has changedhis section dgcribesa
method to plot the results using thgest version Ster 13 (& of May 2016)As an example, ve will use
the inversio model saved in the ARACHRO.INV file which $ould be installed bgethe with the
program First, read inthi$ i | e i playdt el o vDius i nReadtfile with &1 § e o n

resul

option. Nex us e wyhastiorGiDModedpdisplayi Include bpography inmodeldis ay 6 opt i on

displaythe model section As exanple is shevn in the figure below.

Rathcroghan Mound Line 00

Model resistivity with topography
Iteration 6 Abs. error = 2.1

Elev.
6.00
4,00
2,00 35,
0.0(-
2.0
4.0
.0
4.0
100

T - - -
0 539 116 250 539 1160 2500 5386
Resistivity in ohm.m

Horizontal scale is 18.00 pixels per unit spacing
Vertical exaggeration in model section display = 1.00

First electrode is located at -36.0 m.

Last electrode is located at 96.0m.  Unit Electrode Spacing = 1.00 m.

Figure 49. Example display with topogpaty for the RATCHRO.INV file.

Note the cotour intervals lave been set with 25.@s the first contourand it increases
logarithmically by a facte of 10 after evey 5 cantours. After displayig the model sdion, sdect the
0 F il Maxlel exporti Save dta in Surferform t 6 ompithiwidl display the following dialog box.

Saving inversion results in SURFER format

Flease selectiteration number: |5
Y'ou can save the resistivity walues directly or the logarithm of the walues.

+ Save resistivity values directly " Save logarithm of resistivity values

For model with topography and x-positionss given as suface distaces, you can save
an extra set of Surfer files using the stretched linear distaces.

+ Do not save extra set of files " Save extra set of files.
Flease select the walues that you want to sawe in SURFER farmat.

Type of section. Avallablel™  Type of section. Ayailablel™

%
T

[ Calculated apparent resistivity
[ Model conductiviby
[ Model conductivity with topography

[~ Measured apparent resistivity
[ Model resistiiby
W Model resistivity with topography

%)
%)

%
0

[ Measured apparent |.F. [ Calculated apparent |, -
[ Model LP. [ Model LP. with topography .
[~ Model rezolution walues " [ Model resolution per unit area -

Give model IPwalues as metal factorwalues? &+ Mo ™ “es

Ik | Cancel ‘

Wheny ou c | i c khe @bavk €ettings, youill find the following files savedn the sme
folder as the RATERO.INV file. They ae ®ext files that you can view with a terditor such as
NotePad.

Rathcro_topres.da- Contains the model resistivity vales and the centers thie blocks.
Rathcro_tpresbln :- Surfer Banking file to blank ou regions outside theodel section.
Rathao_topres_post.dat File with positions belectrodes.

Ratcro_toprs.lvl :- Contairs the contour vdues and colors.
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To usethe files, with Surfg first you need to eatea grid file. Start up Surfer andselectthe
F iNeweP | optidn if mecessy to gea the menu system as shown below.

~
@ Surfer - [Plot2]
@ File Edit View Draw Arrange | Grid | Map Geoprocessing Tools Window Help

NG =N =N RN & Data | a8 AT EOO N
= = B Gri -
X v s w058 Grid from Server... |J. [ L R 2 ) ) 4 e s
Object Manager > 3x Variogram 4
fr Function... 3 3] ] =] 0l
A |.I|.|\ Lol l.ll.l I.|||.| |.|.|.|.\ Ll |.I|.I|.] sl \l [
B math... R

Va Calculus.

EJ Filter...

\ Spline Smooth...
Blank...

Convert...

| .“lﬁ [=] 4

ot

Extract...
Transform...

Mosaic...

£ G &

Volume...
|y Slice...
il

: Residuals...

=% Grid Node Editor...
B Assign Coordinate System...

55 Grid Info...

4

Sel ect tDhta ®Ganthenoreath thed Ratnmod roe s . d at 6 willftheh e .

display adialog box with the dedult settings to coour the grid file. Youshould change the numbof
nodes to 50 10 imes the values suggested by Surfegrieure the sidadf the setion are smootln your
plot. In the figure below, thalefault values givenybSurfer are 100 by 18odes, which have ben

changed to 100 by 13 nodes. Surfer hasraumber of griddig tions to interpolate the data values.

Somemethods that usa polynonial, such as thelefaut 6 Kr ngd g met h od nmingghtive
model resstivity values if thee are large variations in the resiswity values. In the figure Bew, the

O6Tr ulaionwi t h | i near i nt decteddolaeid egativedvhues.dftydu avidh toblamk s
out the areas outside the rdel region (if the mod has a trapezoidal gpe), click t h e nlodgid a
outsideonvexhul I of datad option.
Grid Data - D*\Work\Geotomo'\Manuals\manual2diRes2dinve32x64 4 ... ? *
Data Columns (1170 data points)
X | Column A: X-ocation ~ Filter Data...
f: | Column B: Elevation w View Data ]
Z: | Column C: Resistivity ~ Statistics [+ Grid Report
Gridding Method
Triangulation with Linear Interpolati ~ | | Advanced Options... Cross Validate. ..
Grid Line Geometry
Minirmum Maximurm Spacing # of Modes
X Direction: | -33.539 | |92.354 | |0.125029025 | | 1000 :
¥ Direction: | -10.16200001 | | 4.84 | |0.1152045737 | | 130 :
Grid Z Limits §
Z Transform: | Linear il
Minimum: | Mane ~
[ Blank arid outside convex hull of data
Maximum: | None = 0
Output Grid File
| g 'n,\"a'ork'n,Gec'b:mnWanuals'u'nanualzd'ﬁeszdinvﬂ2x64_4_DSHRahj1rn-Surfer'Raﬂ1ac| =

Sel ect thed Buer vallnnderpolate the values intoractangular boxhat conténs all the poits
thawilbessy ed i n aoftbpr éRasghddét -Ndweognomlslgn Optiom, Sufer
will draw acontourplot.
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If you want toomanually blankout the sections of the box outside the actoabdel section,
sd e ct Grit-Ble a Mk 6andcandnthen read in the Rathcro_topeegrd file. It will next ask for a
t htbcrodoR a e s fileb $urfed will next crea a new grid fié ard will ask

blanking fle. Read n

you the name of the output gfite. You can sed name sti h
use this ne grid file to draw tks ect i on.
ORat hcro_tdpresl el n.

@ Surfer - [Plot2]
@ File Edit View Draw Arrange

= o [
Dme BEE
X: 0 =L S w0
Object Manager v 3 Xx

Sufer will draw the contours and display the tgat. Next clickt h e
in the Object Manager neahe topleft section 6 the Surfer window. Tis will brin g

Grid

as

g

Map | Geoprocessing Tools Window Help

0

=

New »
Add »
Measure

Digitize

| Trackball

15

Stack Maps
Qverlay Maps

= Break Apart Layer

a4

Edit Post Labels...
Edit Contour Labels...

Export Contours...

| Open Attribute Table...

Query Objects...

6 Bdaet_inc. r gowWelmdll.now
M&dNeweCort 0 ti h eoMiénpadd readn the

Base Map from Server... I+ T E@

Base Map... [T S A i B,
Empty Base Map...

Contour Map...

Post Map...

Classed Post Map...
Image Map...
Shaded Relief Map...
1-Grid Vector Map...
2-Grid Vector Map...
Watershed Map...

[ 2N N EN N Nl N

‘% 3D Wireframe...
4;,‘ 3D Surface...

‘Im|mI.\‘|§\‘I.|‘|.|‘I.|.H |A

\.I.‘.I.\‘Izz“l.\\I.“\.|‘\]1|\\.|‘\‘|‘\‘|\\\0“\

@rcRatohtootopre_bh d@con

u Propety 0

Ma n a gestimelow it. The optiog in the PropeytManage will allow you to set the contours ks
and fill thecontourswith colors by sled the

Surfer Object Manager

0 Ls éab, @3 shown below.

Property Manager for grd object

Property Manager - Map: Contours-Rathcro_t.. » & X

Objed: Manager vEX 4 Coordinate System Info
~W & Color Scale ” General Levels Layer
E| 1 Ma P = Data range (24.426371354738, 13776.096996...
; i i il =l General
i nght Axis ; Level method Legarithmic ~
Mi. Left Axis a Minimum conto.., 10
TOp Axis _: Maximum cont... | 14000 .
) =l Minor levels per ... 8 =
- Bottom Axis — = Filled Contours
B | Fill colors .:. Rainbow
- Color scale O

To use the sameontour values and colsasin the Res2dinx64 program,
0 A doptiannabiah @vih show the following box.

tab, select h e
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Line properties
Show labels
1=/ Minor Contours
Line properties
Show labels O
= Labels
Font properti...
Label Format

Orient labels up...  []
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Property Manager - Map: Contours-Rathcro_t.. + & X
Coerdinate System Info
General Levels Layer
Data range (24.426371354738, 13776.096996...
=l General
Level method Advanced e
Contour levels Edit Levels...
I=I Filled Contours
Fill contours
Color scale O
Clic k 0 E d i whichwellshow thedfolloving box.
Levels for Map: Contours-Rathero_topres_bln.grd ? >
Level,.. Line... Fill... Label... Hach... ™ Add
10 — [ ves No
> D e N —
30 T Mo No [rom. |
Load...
40 T o No
50 [ No Save...
&0 T e No
70 T o No
80 [ No
90 T e No
100 ] ves No
200 I No
ann [ e M N
oK Cancel
Selett he OLoadodr eaplt iionn taned e R.alt \nic oo dlic k GBKGG Whheen

model £dion will be redawn using the same wtur values andolorsas in the Res2dinvx64 program.
The nextstep is to loadhe file omntaining the psitions of the dectrodes so that thewill be drawn on
top d the section. Click tasection dawn on he sceen or the6 C o nstRatlcro_topres_blg.r d 6 i
inthe6 GéctManager 6 wi ndow exted. Aftarghgtselecth ew i GAld-MPbsH ayesde |
option & shown below.

5 o i

con

@ File Edit View Draw Arrange Grid | Map @ Geoprocessing Tools Window Help
Do v ow - o s o H O \
o ime B G eg Nl &) | New PO S DT ASF O S
H L 1. Yo . -
‘% 0929381 4 v 5042901 LW o *| B Base Layer from Server.. AN N = w0 o | 1 Wy 1
n [
Object Manager v & Measure [E} Base Layer
~{¥] & Color Scale Hh Digitize 3 Empty Base Layer.. L — :
B [F Map ) [ B} Contour Layer... L 1 R R Ll |
IRightAxis ’i_% Post Layer...
Left Axis -]_-‘ Stack Maps A
e ’E_vé Classed Post Layer...
Top Axis @] Overlay Maps
s Bottom Auis 2 Break Apart Layer [ 1mage Layer..
= .
Contours-Rathcro_topres_bln.grd 7l Edit Post Labels... E‘; Shaded Relief Layer...
e 1-Grid Vector L
'_'_‘,ﬁ Edit Contour Labels... E“’ fid Vector Layer.
@ Export Contours... ?ff, 2-Grid Vector Layer...
ey | Watershed Li
[E]| Open Attribute Table... 9 AR
y .
8l Query Objects... 4ig 3D Wireframe Layer...
- ‘a 3D Surface Layer...
] g Left Axis
b L Right Axis
| .....; Top Axis
1l g Bottom Axis
1 lg Z Axis
3 ¢ scale Bar
ﬁ Graticule...
ke Profile..,
@ Viewshed...
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Sel ect

133

0 Rsap bst od a bmightshol amessgeuoadus themap linits.

Manager 0 yowwilhmbw e a

60 M@ label. Click this memberso that tke

shown. I n

ib wile amitdbmataailydadust the contour plot so that it fitbe post map. Inht e
0 -Racrlsrd_topore _post .

O0Pr op Ma n a gletrobthe feletrodest wii be
t h ed ,6 PerloipcdkrotitydaeV earishygnembol prap e r dré&weasdit

60bj ect

d a t the lish betolw ¢he i s

will show the different optionso set the symbol repsening the electroe. Asanexamplet h eymhdlS

set o

make isto draw a lingoining the eletrodes to represent tlggound surface. Click h e

thenclick the box extthe6 C o n p e ic wihdevd

The post icon in the Object Manager

Object Manager L
~[¥] [Br Color Scale
: Map
| Right Axis
| Left Axis
Top Axis
Bottom Axis

] Post-Rathcro_topres_post.dat

u] Contours-Rathcro_topres_bln.grd

The 'Symbol’ options in Property Manager

wa g oc hhanr dheaBymiol Al was selected to draw Figure e other changto

60Gener al 6

The ‘General’ options in Property Manager

| =
Property Manager - Map: Post-Rathcro_topre.,, » 8 X .
Layer Coordinate System Info 3 Property Manager - Map: Post-Rathero_topre.. w B X
General Symbol Labels B Layer Coordinate System Info i
1 Symbol 4 General Symbol Labels 3
Symbol column  None A |- Data Filename
B Symbol prop... + = Data file D:\Work\Geotoma\Ma... 5 [
Symbol > (Symbol 719) . =/ Worksheet Columns
Symbolset | Arial BE X coordinates Column A& X-location
Fill color e L ¥ coordinates Column B: Z-location ~||E
Fill opacity 100 % g |- Worksheet Rows
linecolor  [reck 3 First row 1 = IF
Line opacity 100 % E Last row 134 s Man
= Symbol Angle - Frequency 1 5
Angle column None i =| Connection Line i
Default angle (d... 0 I b Connect points
=I Symbol Size H Line properties
Sizing method Fixed size =
Symbol size 0.1in 2 3
[=I Symbol Color b
Color column MNone t
Color method Mumeric via colormap -
Symbol colors -:l GrayScale b |

The final output is showrin Figure 50. There will be slight differenc@s the contour sgions
dravn by SURFER andRES2DINV due tothe differences in thaterpolation methodssed. SURFER
does nousethe original dag poirts, but aninterpdated rectangular gridf points to daw the @ntours.
The differences will probablpe more obviousni areas wh very rapid chnges in the resstivity. One
way to reluce the differencessito increase the numbef grid lines usedby SURFER for the

interpolation grid.

Rathcrogan Mound

137771
7905.7
5386.1
3669.5
2500

Elevation

1703.2
1160.4
790.6
538.6
366.9
250
170.3
116
79.06

Resistivity

Distance

Figure 50. Plot of the RATCHRO.INV file otput using Surfer
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Appendix F Depth of invesigation (DOI) calculations

The DOImethod (Oldenburg andi 1999) attempts to asssthe pats of the invese model hat
arewell constrained byhe data. The lesksquaes optimization equation is modified tiee following
form (see setion 11.2.5)

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

The reference model is uswally a homogenos modé with the average apparent resistivitialue. In
the DA method two inversions are carried out with difference refeeemodelssuchas with om-tenth
and tentimes the average appat resistivity valuesFrom the model resistity values, the fdlowing
dept ofinvestigation (DOI) index isalculated

RX,z)=[ qu(X,2)T g2(x,2)] / [gms T qQne] (F.1)

Om1 and gmz are theresistivity of first and second reference modelsji(x,z) and gz(x,z) are malel cell
resistivity obained from the firda and second invesions. R will approach a vale of 0.0 wherehe
inversion will produce the same cell resistivity regardlesshe reérence model rédivity in area that
are well constimed by the data. Inreas where the data detrhave much information about the ell
resistivity, Rwill approach a value of .0 & the cell resistivity will be similar to the reference resivity.
Thus, the modelesigivity in aeas whereR has small @lues is consideredtoe fir el i abrae 6, wh
with highR valuesare not rdéiable.
The modelused to cleulate the DOIlindex use cells hat extend to the ends of the survey line,
anda depth rage of about thee b five imesthe maximum median ddpof investigation othe arrays
in the dataset This ensureshat dda has minmal information abut the retstivity of the cells near the
bottom of the model, i.e. in theory the bottonti€dave DDI values of almst1.0. However, if the model
does noextend sufficiently & downwards or the refence dampng facta € is too small,the maximum
DOI value mightoe much less tie10. Insuchcaes, t he 06 n or nikg tan keaugkdtisDOI v a
given by

Ri = R/ Rmax,

whereRmax can is the maximunbOl value. Some modedections might have small local artifa that

might resultin irregula DOI contours. e 0 Smo ontalzeel ®Oln odi spl ay takes &
average of the DOI valuef a particular model cellith the DOI vdues for the neighbormcells around

it. An example of this plot is shown in Figufd..

Wenner beta array - Block Model
Depth |teration 4 RMS error = 1.89 %
0.0 2.00 m.
0.125

0.994
215
313

431

5.74

4.00 6.00 8.00 10.0 12.0 14.0
7.47
8.47
9.56
10.8

Model reslstlvlty sectlon
- -
7.50

Resnshvlly in ohm m Unit electrode spacing 0.500 m.
Depth Iteration 4 RMS error = 1 89 %
D

0.125
0.994

215

3.13
431
5.74
7.47
8.47

9.56
10.8

i depth of i igation section
-----D-D-:II:I-I:I----
0.025 0.075 0.125 0.75 0.225 0.275 0.325 0.375
Smoothed normalized DOI Unit electrode spacing 0.500 m.

Figure51. Exampe DOI plot for he ketadatfile.

The top section shows the inverse resistiaibdel where the seconeference model vasused.
As such, theriverse model valuesrie to be higher towards the bottom of geation as it tremls
to the refeence resistity used. The sendsecton is theDOI section plot. If a DOI contour
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value of 01 is used as the cutofomt, the maximun depth of investigatio in the middle of the
survey line is about 3.5 meters. This Dfdntou line becones graduallghallower towads the
ends of he inewherethere is less data.
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Appendix G Setup for GDB import/export

Importing or exportng from GDB files requires installation of @et of files (Geosoft
redistributable). An installer fo these files can be downloaded from
https://www.aarhusgeosoftware.dk/duwed-additionalsoftware Furthermorgin some cases it will also
be necessary to instathe Microsoft Visud C++ Redistributable This is often the case, Res2Dnv
reports that one or diflles are missing The redistributable can be downloaded frotrere
https://docs.microsoft.com/eas/cpp/windows/latesgupporedvc-redist?view=msvd 70 (choose the

installer forx64 architecture).

First timea GDB file is atempted importedr exported the conversion program willtart a
licensing program called Sgaent Connecor. This will take the useto a web browsershowing a login
form requiring aSeequent ID login

3 t e s Ay

If the userdoes not alreadijavea Seajuent ID, it can be created for free by usitige provided
link. After signing in, accept the WwebrowseiGs attempt to opeSeequent Coniggor. Once this step is
completed GDB import/expor will work without the need fardditional Seequer@onnetorlogins.
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DISCLAIMER

This software igprovided "as is" without any express ordied warranties inclding its suitability ér a
particular purpose. Neither thisrmapanynor the subagat will assumeresponsibilityfor any damage or
losscause by the usef this program. In the event of pr@n bugs, every effort will be made to er
the bugs. Registedeusers are entitledtfree software updates and support theg first year. Afte the
first year, there is arannual fee for softare upddes and teahicd support. However, the original
sdtware version provided and downloaded apd released up to owyear after the softwa purchase
can still be used indefinitg if the user chooss not to upgde. Please ctact Aarhus Ge&oftware
(sales.ags@seequent.gdiar the annual fee that is apgdibleto your licen®.

SUPPORT
Please comtct your distributor if you hve an questims concerning this program. A frequentusce of
gueries is when the results olokd are not what you exqet, or the program refuses tccapt your data
file. In sucha cag, support will only be provided if a @py d the data file is sentogetler as an
attachment with your email, preferablyropressed into a ZIP file. The most comnwanses of problems
are(a) the data in the DAT file isot given in the correct RES2BV forma (b) excesive noise in the
data et (particularly for dipoledipole surveys ad/or IP data sets) (c) instrument malétion or field
survey errors. It is onlpossible to trace theosirce of the problem if a copy the data file is provided.
Pleag nde tha suport is only availabledr registered users of the Ifwersion of te program.For
technical support, you carontact the software providéry email at the following addresses. Please
attach a copy of your datalé to your emd.

ags.support@seequent.com
The following information will be required befotechnical support is vided.
1). Your license nutper. This ID number idisplayed rar he mddle of tre initial information box
when the EES2DINV program darts up if the ppgram has a valid license.
2). The nare of your company or institution.
3). Approximate date your compg/institution purchased thsoftware.

If you purchagd the eftware nore than om year ago, please conta&arhus GeoSoftware
(sales.ags@seequent.goonm renewing the support.
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What éew N

Version 3.00- Major upgrade to Windog/3.1 and95. Maximum rumber of electrodes increased to 500.
Multi-taskng support fo Windows95. Sippot for any Windows compatiblgraphics ard and printe

Version 3.01- Improvements to finitelifference sutoutine to calculate the Jacobian matrikieh is
now about twiceasfast as the earlier versions.

Version 310 - Support forundewate suneys.Directincorporation of topogphy intoinversion moel
using a distded finite-element grid.

Version 3.11- The time taken by the finitelement sulputine © calculate tle Jcobian matrix is
reduced. An option tose afiner mesh fo the finite-difference orfinite-element forwardmodelling
method is aded.

Version 3.12- Non-i nt eger v ano u e safar fth® dipoledipele, @goledipole and Vémer
ScHumberger arrgs supported (please refer to Appendix Ahernmaximum limitsfor the rumberof daa
levels and model layersdreased t®2 and 17 rgsectively.

Version 3.13- The ratio of the largest elgode spacing to unit electrode spacing tiee Wemer and
pole-pole array was increased from 32 to 64. Thaximum number of dta kvek is row 64 The
maximum number of modéhyers wa also increasd to 18.

Version 3.20- Support for IP data added.

Version 3.21- The maximum number of electies was hcreased to 65 Improvements has been made
to the diskmemory swapping sulwutines ® thatfor a given amount of RAM the nuber of datim
points theprogram can handlis increased. For computer systemthwimore than one hadisk drive,
the progam will auomaticallysekct the drive with the most free disk ggab store the t@poray disk
swap files.

Version 3.22- Slight improvemers to the usefamemory in the P inversion section. The size of the IP
data set that can be handled for a giaemunt of memory was inreased. An option to optimise the
damping &cta automaticaly duiing the irverson praess was added. Suppbrto r rtehvee r fs-e 0
dipole array add&(see Appendix A). Support for a commadine batch mode included (see Appenlix
An option to plot hemodel section in the form of rectanguldiocks was also ated.

Version 330 - Suppat for crossborehole srveys adéd. An optionto allow the numer of model
parameters to exceed thenmber of datum points was also added.

Vergon 3.31- An option fa aused defined model added. In this modet user specifie thethickness
of the first layer and the factdo increae the thickngs for each subgaent deeper layer. The program
will also automatically update the directory uded theinput data fies and the output inversion files
listed inthe RES2DINV.INI file.

Version 332 - An option to extend the subdsion of the subsurfae into blocks tathe edges of the
survey line was adde@ption to display the uncertainty in theodel resstivity values was also added.
Version 3.33- An option b incorporate thesffeds d the remoe eletrodes used in surfagesistivity
surveys withthe polepole aml poledipole arrays was added.

Version 3.34- A few bug fixes. The user can naeale the depths of tk nodel layers so that the depth
to the lastayer can be muclyreder than he ddault limit allowed by the pogram. Whea the program
saves the modelalues in the XYZ format, it will now ab save the coordinates of the cornershef
blocksin the model An option to use a very fine mesh in thertical directionfor resigivity contastsof
greater than 250:1 as addedas well as aroption for 6 nods in the horizontal direction between
adjacent electrodes.
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Version 3.35- The wsa can row set the maxnum number of electrodes, from 150 to 1501 the
JACOBWINEXE program. Diawing of cdour contour sectionssinow signficantly faser on most
compuers.

Version 3.36- A robust leassquares inversion option was added. For veoisy dawi t h réstide t | i e
resulting model will be less serigé to such datunpoints when therobust daa inversion method is
selected. or areas wherthe subsurfaceeplogy has sharp interfaces, the robastel inversion method

will give better eaults.

Version 3.40- Support for nonconventional arrays for rissivity surveys.

Verdon 3.411 Two new mehods for topographic adelling wsing a dampedlistorted grid ad the
inverse SchwartZhristoffel trarsformation added.

Version 3.42- Supportfor remot electrodesdr IP surveys.

Version 3.43- Support for he Wenner Gamma &y, and undervater surveys with norconventional

arrays. Maximum numbebf electrodes ineased to 2000. The program has alsnbaptimised for data
sets where the undlectrodespacing has éenreduced by half of the actual value staget a model

wherethe width of the blods is half the usual 2. This telps in casewhere there areery large lateral
resistivity variatios near the surface.

Version 3.44 Suppot for IP surveys with ron-conventional arrays. This feature is ugeh some cases
wheredatafrom a seies ofoverlapping collineatD soundimy survey linesan be combinemhto a single
2-D data set to obtainzaD model.

Version 3.45- Option to saveaesults n SURFER formaadded. Also support for surveys with some
eledrodes underwar and ©me ekctrales abve the water surfacedel added

Version 3.4 - Minor additions for data in general array format.t@p to use a model with half the unit
electrode spdng for datain general array format is added (see thie RATCMIX2.DAT for an
example). It is nowpossible to carry ouhe inverson of data irthe general arrajormat with the demo
version, but theresults will only be displayed temporarign the sreen during he inversion. The
damped distorted grid fitd-element methods sd asthe cefaut method for topographic modling.

Version 3.47 An option to caty out the inversion of IP data sequeliti was added. Slight changes in
the menustructure.

Version 34871 Support for up to 4 boreholes in crdssrehole option.

Version 349 i Inconplete GaussNewton inversionoption adeéd. Maximum nmber of electrode
increased to 4000, and maximum numbgdata points to 20000. Option to comdi numbe of 2-D
datafil es in RES2DINV format into a single3 datafile in RES3DNV formatadded

Version3.501 Bedrock edge dettion andime-lapse ofions added.

Version 3.511 Option to include data nasestimates included.

Version 3.52i Option for suveys with flating electrodes added. Support for topogsagn cross
borehde suveys included.

Verdon 3.537 Sparse inveson optian for very lorg survey lines (@00 to 16000 electrode positions)
added This method inverts the entire data aad modelat a single ime to produce a continuous and
seamless mad. New format forbatch made opion <cript file which makes use dhe filescontaining tle
inversion paramaters produced by the RES2DINV program.

Version 3.54i Option to include boundgss of layers from seimic or borehole surveys added.
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Version 3.55 Support for themultiple gradient aray alded.
Version 3.56 Support forthe offset pte-dipole array dded.

Version 3.57i Support to incorprate water layer into the inversion modet suneys with floaing
electrodes added.

Version 3.58 Suppot for global coorihates adled.
Version 3.1 Support for timdapse crosdorehole datadded. Support fdnclined boreholes added.

Version 370 Beta- Trial version with support for oiti-core PCs. New invesion algorithm for time
lapse data. Compleesdstivity inversionmettod forl.P. data.

Version 3.71- Optionto calcuhte model redation values. Ne/ time-lapse method support for cress
borehole data.

Version 4.00- 64-bit versbnthat @anaccess morthan 4 GB RAM. This greatly increases theximum
size of thedatasetand nodelthat an be handled. Supporip to 30time series fotime-lapse surgys.

Version 4.0 Options to extenthe horizontal range of inversion modelddast @lculation ofJambian
matrix for dense data sets added.

Verdgon 4.027 Option to cdlate data from 2-D lines that are not goallel or orthogonal inthe
Res3dinvx64arbitrary electrodes format. Option fosing L-curve method to estimate optimwlamping
fador added.

Version 4.03i Support for more than one weatlayer for undewvatersuwveys alded.

Vergon 4.041 Support forsurvey with electrodes o the ground susice and water bottom across water
layerwith a limited extent (such as a dam) eddSuppat for time-lapsel.P. data

Version 4.051 Support forundemwater surveyswith eledrodeson astreaner suspended in the wex
layerwith the entie water layer magled by the finiteelement mesh. Optioto fix resistivity of regions
above and dlow shap boundary aded.

Version 4.06 Depth of investigation[§Ol) calculationsadded Option to diplay ®quential changes in
time-lapse dsplay.

Version 4.07i Optionsto display correlation plots for theath misfits added. Support for BMP, JPEG,
PNG, TIFFand GIF bitma graphics file formats.

Version 4.08 Optionto remove a seesof data pantsusingt he O Ext e rtani p adpton by & d
using mouse right atk the first and last data point inpaofile. Model with borehole electrodesvsd to

xyz file with globd coordinates if present. Option to sawetput model in Peaview vtk format. LP.
model values automaticglisaved wih resistivityvalues and a sead vik file is automatically generated
if global coordinates present. Aarhus Geftware online copy potection system implemented to replace
USB dongle system.

Version4.091 Optionsto calculate and display thmodel restution pointspread function vaies. Model
resolution values are inaed in xyz output file for data with globeoordirates. VTK outpit files with
coordinates of electrodes are also created hegeith the fies with the model resistivity antP. valies.

Version4.10 1 Output the positions of all 4 electrodesxyz file. Different plotting or@r of general

aray data idc dateanop/ei mtas 6. Results in | ess messy
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