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Abstract

The method of electrical resistivity tomography (ERT) is currently the most widely used geoelectric method. Generally
processing of measured values by interpretaimmgrams does not give conclusive results. In this papercampare the results of
RES20NV and ZondRes2D programs in the interpretation of ERT. For both programs, the result depends on the number of i@ratic
on the setting of the input parametefghe calculation. By comparing the results of both progtahtan be said thatehe ae differences
between them. These differences are of the same order of magnitude as the differences given by the calculation segtintys.shiogv
a similar stucture of the field of resistivities from both programst Bie results differ in etail. In the use of the ERT method, we often
encounter an approach where any minor anomaly is given importance, sometimes even fundamental. Such a style of intarpretatio
be considered correct.
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1 The issue of thadigital interpretation of geoeletri cal measurements

The distrilution of resistivity valuesjust as theotherphysicd propertiesin the rock mass is the matter which geophysics, including
geoelectrics, seeks to describe as best as padsiitkethe passage of timge@hysicists acquir@ver better instruments whicendle the
state of the rock mass to krown, using both newnehods of measuremenandnew metods of processingBut they are nopanaceas,
and without the knowledge dhe theoreti@l basics of data acquisition anderpretation, erroneous conclusis ae often drawn when
using such datal his alsoapplies tathe metod of electrical resistivity bmograhy (ERT). The depicion of the structure of the rock mass
gainedfrom such measurements aoflits properties is influeted by the possibilities omeaswement using thisnethod, including the
depiction ofits results,and by objective conditions for itspplication andnterpretéion. The measurement in the field does not pose any
problems, with apparatises forERT being euipped with sufficient ontrol mechansms which excludegross errors of measurents
Neverthelessfia certainvalue is measured with an error larger than in the other vatuem be excluded from further procedsine the
first step of processingNevertheless, however, the @ared results can be influeed by the procedure of processing and can also b
influenced by the setup ebmputatiorparamedrs and representatioparamedrs.

2 The properties ofprogram RES2DINV
Four years ago, the articlagre published, dealing wittomgications when usinthe RESDINV program(Loke, 2012).Not only
the measured values of apparent resistivity, but also the seinfergiretatiorparameters have had an effect on the pictutbefesulting
distribution ofresistivity values, and ghuseof the program forthe resulting depiction of results of iterations, which affect the result o
interpretation, can be summed up into the following points
Theversion of interpretéion program;
The number oiteraions
The use ofinterpretdion versiort
The use of the nuna of cells forteration;
The use of the type ofhesh
The use of the interval and the number of layers
The use of drawingrogram;

A=A



1 The setup ofidamping fatorg; and

1 The use otthe fistandard and i i amplete daussNewton mehods
and differences in the system of computationtlod Jacobian ad the
quasi-Newton ajproximétion.

Three of the ninparametrs mentioned aboyevhich have an effect on the
resulting picture of resistivity distributionvill be presened here whichwe an _— 640 96,0 m
deem as the most importanThe first of them is the differenda the resistivity Ov ' = ' '
field obtained by processing the measured data using diffessibns of the g
programRES2DINV. Figure 1 shows examples of outputs fprogramversions {3=4m
3.54, 3.58 ad 4.04. By comparing all the three pictures, we can find “?2|E  ,.tauit mode: e of rmiesh - nofnal @
differences The largest differencele in highresistivity anonalies under the *=  9layers, 185 blocks grid - 4 cells/block horizontally
stations48 and 88 metes Another difference is a lowesistivityanonaly from the Ov : : : ' ;
beginningof the profile to the sttion 32 metes It is areally the most striking in_;g;
programversion4.04 and the least striking iversion3.58 A partial minimum ~ {3=4m
under the statior32 metes fully disappeared in théatestprogram versionThe 2°1'E  gefault model:
lowest resistivityalues, however, are irersion 3.54.The third differenanomaly  '©
is a resistivity maximum under the statiorB8 metrs, which has the larges 0,
anondy in version 3.58 and the smallest inersion4.04.The fourth difference is
alow-resistivity anonaly underthe statiori74 metesonthebase of thénterpreed
space It has the lowest resistivity values wersion 3.58, where theminimumis -20{¢ i .
concurrentlyareally the smallesThe highest values are wersion4.04,where the 1< 9 layers, 185 blocks grid - 4 cells/block horizontally
centre of the minimum is concurrgntnoved by fivemetes b thelower metes N T s
The fifth difference is the pattern of mean resistivity values inctére of the 5S8R 8 L Z T35 5582 3 Y pOm]
profile. In version 4.04 the anondly has the smallesfi t h i c.kTheelass . 1 Differences in ERT joc;s:inoao;c;r;;n 4o
difference is a highesistivity anonaly with its centre under thetation48 meres. & h . R ESZII)) INV 8 &
It has the highest values wrersion 4.04 and the lowest ir3.58. The geologial dagversioriof program
evaluation of the results of all the three program versions would not be fully
different under the assumption that all the small anomaieshot explained
geologcally and the geologi@al boundariesare not depicted according to the
isoohmrs of a certain value

ES2DINV
version 3.54r

RES2DINV
version 3.58.40

/= type of mesh - normal
9 layers, 177 blocks  grid - 4 cells/block horizontally

RES2DINV
version 4.04




Another paramedr which quite significantly affects the tput resistivity 100
field is the secalled idamping factap. It can be undetood as gparamedr |
which influences thefamplitude o f di s p e r.sBy simplifying its
value, we can achieve a larger or sma#ieroothing of the resultingiverse -100-
output When choosingthe use of thisnethod we have two options of choice , .
A nitial damping factod and i nimimum damping factax A more striking -
smoothing of the resulting resistivity field is yielded by gagamedr i nimimum 0]
damping factad. When applying it, the fragmentation of therpreed field of
resistivity values is sypessedBY increasing th valie of iminimu m damping
factor, the numbenf depicted partial structures diminish@®l they are mergec 1%
into larger unitsThe nodelthus actually becomes simplifielt is well evident, O:
e.g., in the conductive zone in thdtlpart ofthe profile (Fig. 2), which ismore

100+

clearer interpretation

a simpler model, more continuous structures,

or less discontinuouim the original modelformed by individual more or Ies"1°°: : . DF 1.080,75, i = 5, & = 257
iIsolated anondies. Even if the series of individual anomalieslilsely to be
interpretedgeologi@lly as a singlgeologi@l structure, there are exampdanthe T —— ) £ - ) ) - -

8§3 17 36 75 156 330 680 1420 Om

Fig. 2 Simplification of a resistivity model due to the
different setup of “damping factor”

literatue, which interpret it differentlyBy simplifying thedamping fator, it is
achieved that the partialnamelies are merged into a single univhich is
simpler and chiefly mordlustrative for geologi@l interprdation. By changing
the campirg factor, the data becomemoothey and thus the extreme values a1y,
suppressedboth low as well as higlvalues. It can be declared that thi_l%_
procedure will preventhe occurrence f i< re aa phaodmad es If the value -0
of both paraneters is set highr, then the smoothing is fairly striking, witl'30j
anomalies often disappearing at the lower margins ofqtierangle of the- 50-
resistivity field Thisis an indisputable advantage for the essential knowledc ]
the geologicaktructue. By choosing avery highdampng factor, however, the 10:
resistivity field can be completely changedd thus the resulting model as we-10-
(Fig. 3). The question is how much the possibility of detailed interpretatior29]

. 304
reduced by this procedure -40 A Y
The thirdoption how to influence # resilting wavdike field is the choicejggj W O Dr30m075,i=5e=125

of using the i srtdard and i i amplee 0 GaussNewton metiods and I N () (Y [ [
: : : : : 16,0 40,1 101 252 1 2Q
differences in thesysem of computation othe Jacobian iad the quasi-Newton 60 40,1 101 252 633 1588 3983 99920m

approximation. In addition to thestandard @ussNewton metod, which is usel Hig. 3 e effea ! f:hfl'?ge e amiping factor " on the
resulting resistivity model
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as adefault in inversion, it is also possible in thgerogram
RES2DINV to choose the option of using theomplet Gauss 100
Newton metod (Fig. 4.). The choice is made befostarting the _¢ 1070
inverse computation witlni the parangter fitype of optimisation .N -104
methodo It is recommended particularly for sets with a Iarlm -30.
number of measuregoints or, as the case may be, with a larjig s
varidion range of measured values of apparent resistivity. B -60-
program HES2DINV also offersthe choiceof the method oflm i

computaibn o the Jacoban matix within the parametr Eﬁ _100:
AJacobiammatrix computatio. After eachiteraion, it is possiblel %8

d [m]

Standard Gauss-Newton method
(use of Jacobian matrix)

240

e i t h e romgutethe Jacebianma t rarf 0 o the quas o -40,€
Newtonapproxima i dqLoke, 2012). g~ :28:'0 Incomplete Gauss-Newton method
B -70 (use of Jacobian matrix)

3 Properties of program ZondRes2D 9] -

This program was developed at thHeomonosovUniversity =¢ -20
in Moscow in cooperation with privatgeghysicd and softwae Io _281
companies irMoscow and St. PetersburgVhen working on thel= '281
taski De v e | o p eoeechhial antiGed@hysicd Methods for
Acquiring 2D and 3D Imagesof the Geologi@l Structur® the Fig. 4 Differences in the resulting model when using the “standard”
programwas available to us thanks to the ldagting cooperation and “incomplete” Gauss-Newton methods, and differences in the
betweenGEOtestand the companysIDROINGEO Tahkent. At computation of the Jacobian and the quasi-Newton approximation
the Gstrawva workplace ofGEOtest we worked in aoftwaredemo
vergon which contains mogtinctions whichthe full programhas, but the resultingterateddatacannot be exported from the computer
Similarly, as in thegprogram RES2DINV it is possible to set up the following parameteremwworking with thgrogram:
Stating height;
Maximum deph;
Numberof layers
Incrementafactor;
Staring resistivity (initial resistivity ofmodel)
Numberof nodes
Regulamesh;

d [m]

 Lae

tandard Gauss-Newton method
(use of quasi-Newton approximation)

A =224



Intermediatenodes umber of cells betweeglectrodes;
Method gtandardsaussNewtonmethod incomgete GaussNewton metod);
Iteration (number of iterations
Inversion @efines thealgorithm of aninversion probleme.g.,smoothnessonstrained, Occanjocks),
RMS error (deviation of computedesistivity valuey
Minimum resistivity;
Maximum resistvity;
Computationscheme
Automaticswitch of electrodesand
Robustweightingscheme(with a high level of noise
The result of computation in thdemo vesion is depicted only or ¢
the monitor of the computerlf we wanted to use the full version ofish
program,we always adeksse Uzbek colleagies whoprocessed data fo-10
us using the fulersion ofinterpretéion by theprogramZondRes2DThe
input and outputlataweretransmitted oer theinternet. —

At our request, the results were processed in ferdifit setup of .
parametes of the program ZondRes2D on selected measudaga The
first tess were conducted by comparing the results of differersions of -10-
this program.Similarly, as in theprogram RES2DINYin some setups thi
results from version§_2 and 6_2 arepractically idertical; in others they % ]
are significantly different o ‘ — i

The first example is from measurement at the sit€ashechy.The th 5 Minimum changes in the resistivity field when iterating
area of interest is located the @daste of the City ofBrno, in the City different versions of program ZondRes2D
Part of Bystrc. The territory bengs to the Bunovistulcum d the
Moravian-SilesianArea of the Bohemian Bsif. The basiaegioral unit affecting thegeologi@l structure of the area of interest is thed
Massifformedchiefly by Proterozoicdeepmagmaticrocks of the type ofliorite i granodiorie. The maginal parts of the Brno Massif are
formed bymetamophic rocksi paragneiss migmatie, etc It is possible to identify the sediments of tGarpathian For®eep, of the
Neogene Age, overlying the eruptive rocks. They fill pardduldepresions on thewface d eruptive rocksThe uppermost component
of the rock environment is mainly Quaternary loamy sediments

Measurement performed at tisge of Kamechywas evaluated using both availablersions of theprogram ZondRes2D, e.
versions5 2 and 6_2. For iterdion, the basic setup of interpretation parameters was, usedhe maximum depth27.2 m, 9layers

250
210
170
140
120

A =A-2-2-2-9-2-2-2-=-2

‘ version 5 2
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32nodes intermediate nodes: @nversion smoothnes constrainedthe range of resistivity valu#sl000Y m the startng resistivity
200 Ym, 10 iterations the computation $eme: total, automaticswitch of electrodes yes robustweighting scheme: no. The result of
iterations isdepicted in Figur®.

Figure5 shows that the computation did not exhaustofteon of digersion of the size of sestivity values given by the setup of the
program The basicelemens of the resistivity field from the results wérsion5_ 2 areanondies of resistivity values. TherBt isanarea
AAO of low resistivity valuesat depths dowrto nine metres under thestatons O0i 35 m. The opposite of thisnonaly is a lensfiBo of
materal with high resistivity values at the end of theofile. There the resistivity reaches valuesewkén over250Y m The centre of this
lens lies at a depth df2 metes under the statiopradically about100 metes Anot her i nterestingooffheat
resistivity values emerging from the higbsistivity lens under the station
abou 83 m. This layer disappears under the statid@ m and its
resistivity reaches valudsetwe=n 210 and 250 Y m At the surface, two
more places of hi gher rEsndido they O
first one under the statior®) to 52 mand the seawd one underhe
stations 75 to 85 m. The resistivity values of this layer rise abo 9]
210Y m

If we look for differences between the individual versions, we m
point out that we do not consider these differences as subste o wyEmwAZZS 'W
However, we do not meary lthat that eme users o€lectrical resistivity : A
tomogrghy will not consider these differences as sigaific It is -10] | |
necessary to note thstich useswill not be geophysgspecialiss! Low-

-]

-20{E
©

g

(Cil

resistivity anomaly AA0  a 't t he b emdfila s '|orzat:tg:allyo'2 5 . | - :

identical in both versionsA minimum difference can be found in the si. 20 40 €0 80 100 120 m
of high-resistivity anomaly fiBO, which begins under the stati@2.7 min Fig. 6 Significant changes in the resistivity field when iterating
version6_2,whereasn version5 2 it begins under the dtan 82.2 m, different versions of program ZondRes2D

which we consideas an insignificant difrence. A larger difference can
be found in layefiCo of higherresistivity valueslt is thinner and shortem version6_2. We consider the differences in neanface
anandiesas irrelevant

The second example is from measurement at the samesitéhe measurement was again evaluated using both avarblens
of the program ZondRes2D,e.,versions5 2and6_2.For thisiteraion, a significantly different setup of some interpretation paiens
was usedi.e., maximum depth27.2 m, 9 layers 249 nodes intermediate nodes: 7nversion. smodhnes constrainedthe range of
resistivity vdues 1i 1000Y m staring resistivity200 Y m 10 iterdions, computationscheme: total, automaticswitch of electrodesyes
robustweighting scheme: o. The resul of iterdions is depicted in Figure
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By comparing Figure$ and 6 we see that the essentcarater of the distribution of the resistivity field did not changeit the
differences betwen bothversions are significantigure6 shows that the compation did not exhaussimilarly as in Figurés, the option
of dispersion of the size of resistivity valiThe basielementof the resistivity field from the results of versién2is alsoanonay A0
of low resistivity valuesat depths down to ninmetres under the statior@ 35 m. Unlike the precedingteraion, the boundaries adach
resistivity zones i@ intenselyundulated Similarly, as in Figures, the oppositef low-resistivity anonaly AA0 is anomaly fiBoO with high
resistivity values at the endf the profile. Unlike the preceding scenario of computation, the agstivity anomaly is areally more
extensive The resistivity there again reaches values of @Y m The centre of this lens lies deepeow at a depth of5 metes under
the statiomractically 100 metes This layerfiCo of higher resistivity values baksdown into three partial anomalies which shogreater
thickness Anomely fiCO disappears undéhe statiord0 m and its resistivity reaches values betw@di® and250Y m At the surface, two
places of higher resistivity values can be fouiie) and AFO. In general,
it can be declared that in scenaithe vertical features of theeglogical
strucure are stronglapplied

By comparing the results @ersions5_2 and6_2, we can state that
there are larger differences in the resistivity field in ver€iof than it
was in the basic setufpversion 5 2. The largest difference is the
fragmentation ofensfiBo into two partial lensefB106 and iB20. At the
surfaceanondliesiiEoandfiFo f ul |y di sappear ed; they were replaced by
a set of smalhnonalies with awide fluctuationof resistivity values

Other tess show how theresistivity field changeswhen
parameters for iteratiorare changd. Version 6 2 of the program
ZondRes2Dwas used for all the following computatiofisis natural that
the number of such changes canedpelless This part of the report will
present two exmples in which changes paametrs lead to a more
significant changen the resistivity field andne example invhich it is
not so In the first example in Figuré, the basic setup of interpretation
parameters was chosen for computatian, the maximum depth27.2 m,

9 layers 32 nodes intermediate nodes: 0, ingT smoothnesconstrainedthe range of resistivity valugg 1000Y m staring resistivity
200Y m 10 itergions computationscheme: total, automaticswitch of electrodesyes robug weighting scheme:m The firstview of the
resistivity field already suggests significant changes whichdaestothe number of nodes usetihe essential structuree., the low

resistivity minimum, the highresistivity lensand themediumresistivity layeris similar to the structerin Figures5 and 6 alsoin these
resistivity crosssections



