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Program functionality

ProgramZONDST3D is intended for twalimensional processing and interpretation of
seismic prospecting data based on refracted waves and correlation method of refracted wave
(RWCM) in surface, borehole, crebsrehole and marine variations.

ZondST3d is a comprehensive kmion for seismic tomography that solves a wide range
of problems from mathematical modeling and sensitivity analysis to the field data processing anc
interpretation. Userfriendly interface andpowerful functionality of data visualizingallow
solvinga geological problem with high efficiency.

Program is divided into two maimodules First is intended for first motion picking on
seismograms. Secondor forward and inverse seismotomography problems solving.

Special interface (created for maximum siroyi and autonomous first arrivals picking)
was designed for seismograms processing. The emphasis is on visualizations variety and ofte
used functions availabilityJser can simultaneously pitke followingtypes of waves: Vs, Vp.
Materials processing @ptimized for sharing refracted Bnd Swaves.

When ray trace forward problem is being
method) is used. This method allows calculating the shortest path of the refracted wave. The
given algorithmhashigh sped of calculations and controllable accuracy.

The direct problem, i.e. ray tracing algorithm, is implemented in three ways:

1. The ray approximation. Constant velocity inside a cell.

2. The ray approximation. The linear velocity measurement inside dlellatesareset
in nodes

Seismotomography module allows obtaining velocity sections, betAn® Swaves,
which is necessary for seismioning The sources anthe receivers can be located on the
surface in boreholes atthe water reservoir bottonr atits surface. You can use the module for
the interpretation of vertical seismic profiling (VSP). There is as@lgorithm of velocities
anisotropy distributionand attenuation parameteecovery. The program uses the simplest
version of theanisotrofy factor of seismic velocitiesthe ratio between \Wxand Vz. Accounting
for anisotropy is very important, especiaeninterpretng crosswell measurements.

The AAmpl i tude usesthefrAti toenmu am o dourdlgetitmmend) r a [
allows receiving attenuation paramete@ section in an environment of the first arrival
amplitudes valuesThe problem is solved on the basis of previously obtained velocity section.

The amplitude valuesf the first arrivals are picked arallel with the times.



An important step before field measurements is the mathematical modelling for the
survey area velocity structure. Modelling allows you to evaluate the resolution and select optimal
parameters for the geological problem solution.

Since the main aim aZondST3d is velocity section parameters recovery, the program
has several options for solving the inverse problem, the most important of which are: smoothing
inversioni to recover smooth one, blocking for block one and focusitgrecover piecewise
smooth distribution of velocity parameters with depth.

During the development of the program the possibility of accounting for a priori
information was very important. Because of the equivalence of inverse geophysical problems
the resuls quality depends on the number of a priori settingZoimdST3d there is a possibility
to set measurement weights, to fix and set limits of individual cells properties range and to use
priori model as a reference during the inversion. In addition, stobahemes of the noise
component assessment are used in the program. Also there is a possibility to import and disple
the measurement results of other methods and borehole data, which facilitates more integrate
approach to the data interpretation.

For inverse problem (inversion) solution Newton's method with regularization is used.
Regularization improves solution stability and allows recovering more smooth velocity
distribution in the medium.

(A'W'WA+ n€TRC)pm= AWTDF - n€TRCHr,
where AT a partial derivativematrix of measured values with respect to section
parameters (Jacobian), Cthe smoothing operator, W a matrix of measurements relative
errors, mi section parameters vectar] regularization parametegf 1 the discrepancy vector
between observed awdlculated values, Rthe focusing operator.

When inverse problem solving, the special attention is given to the priori information
(separate measurements wesgparametersariationranges).

ZondST3d has verypowerful system of profile data visualization, the measurement
editor and method sensitivity and resolution analysis system.

ZondST3d uses simple and clear data file format which allows combining various survey
layout in one area. The program allows importing displaying measurement results obtained
by other methods that provides more complex approach to data interpretation.

The ZondST3d is a convenient program for automatic and interactive
seismotomographiclata interpretation and it can be used on IBM PC compatible personal

computers running Windows operating system.



Elastic waves velocity

According to the elasticity theory, seismic waves velocities and 0 depend on

medium density and its elast modules E ang.

VR — VR—

In rocks these parameters are defined by a large number of different fatitbodogic
and granulometric content, cavitation (porosity, cavernosity, fracturing), fluid saturation,
intrastratal pressure, metamorphism and tectonic action, occurrence depth, age, temperature etc

Density influence on velocity variation is smallish at all, becémsthe majority ofrocks
the density variation rangés limited from 1.4 to 3.2g/cth Minimal relative” changes are
typical for igneousrock, maximali for sedimentalb u t it 6s no30%.nnverse t
dependence velocity from densitgsultsfrom the structure ofthe aboveformulas: if density
relatively increase (decrease) on and elastic modules values stay permariiein velocity
relatively decrease (increase)-ofg b

According to experimental data, for the majority of rocks the positive correlation between
their densities and seismic velocities and U is typical, that is more dense rocks are usually
also imply higher velocity. Such situation seems to contradict considered formulas, haksver
disagreement i@pparent Wi t h i ncreasing rock density
increase®ven faster andsaaresult the velocities 0 andv increase. The Young's module E
changes to some degree in various rockem levelabout10? MPa inpoor sedimentary rocks
to 1 MPa (106 kg/sr) in hardigneous rocks. Thyseismicvelocitiesvaluescandiffer in tens
of times

Poisson's ratio 0 theBb@hrgnge Eldstic poperidsiofchard | y
crystal rocks come nearer to the left limit, to the rightsoft plastic rocks. In liquid
i ncompressi bl e medi ums wh e r=0.5tImteermajority ofeocks o ¢
Poisson's ratio has values from 0.15 to 0.35, i.e. varies relatively average value 0.25 within only
NOo. 1. However( andn formhlaswedké f v ail o g hava a bigirtflience s
on velocity values

An impactof manydistinctive factorson rocks elastic properties leadsaiwabsence of
unequivocal connection between geological rocklefinition and its velocity characteristic:
absolutely different rocks can have identical velocity values, and adck®ne namean differ
by their velocities. Therefordor various rocks or their complexes it is possible to specify only
limits of probablevelocity values.



P-waves velocityn rocks of uppenostdisintegrated section part does ostially exceed
1 km/s. In a primary terrigenousdeposits it rarelyexceed 4 km/s and in carbonate and
hydrochemical rocks it could increase to 6 km/s. In igneous and metamorphi®rockaches
the value of 6.57 km/s, generallyincreass with it basicity growth andnetamorphism rate.
Nearthe bottom otheEarttd s r ust ( Mo hor o v b Valiud reachessthe vahoé 8 n u i
km/s, judging by refracted wave velocitin truth, materialcompositionof rocksat this depthis
not reliablyknown.

S-wave velocitiesgenerally depend on velocities of -Waves. Theoretical ratio is

I v o and can vary within limits from @fluids) to pfi¢ & (if , = 0). Forthe

maj ority of consol i da.4andO0.6;toavatckest o Wa lviad uies b
0.2. Butin very loose argilar enaceous r o cabautO.20a3landecven less.dnn [
generalu distributionis studiedworse than those far .

Rocks with the same lithologicomposition may considerably differ by seismic waves
because of internal structure determined by forming conditions. dspgcially noticeabl@
terrigenous rocks formed hifferent hydrodynamic conditions: sediments formed in-&vergy
environment 6 a shelf and granulometraly more homogeneousave lower velocities than
rocks accumulated in higknergy littoral environment and granulomedfig less sorted.
Relatively lowvelocity rocks are organogenic carbonates as compaudemogenic.

Rock avity degree is a significant factor for seismic wavebocities first of all, its
porosity. All other conditions being equalith theincreasng of rocks porosityseismic velocity
decreases. This dependencéhismostobviousin terrigenous depositshere the porosity can
reachthe values of30-40 %. These rocks such amand and sandstonasge considered as the
heterogeneous media consisting of a hard skeleton (grains) and pore space filled by fluid (liquid,

gas and their mix). For similar model velocity is estimated by the approximate empirical ratio

known as the equation of average time:
— - _—_—R
whereQ - porosity factor, 0 AT & 1 P-waves velocities in a hard skeleton and a
fluid respectively.
Dependence 0 'Q hasanexponential character. Gas presence in waterlogged rocks
leads to decreasen rocks general elasticity andn velocity in it, as a result of high

compressibilityWhen pors are fullysaturatedvith water,there is a sharp decreasehe rocks



compressibility and abrupt increase wf velocity. Degree of water saturation has almost no
effect on S-waves velocity . This effect is used to determine the seismic groundwater level
(GWL) in unconsolidated sediments.

Water freezing located in pores, caverns, cracks cawsbesp increase of seismic
velocities in rock, because velocity in ice is almost 2.5 times more than in water. Depending
on porosity, relative content of frozen and not frozen water, its minerahzatid temperature,
P-waves velocity can increase o2 km/s. It essentially changes velocity characteristics of the
top section part in the zones of frozen rocks spreadingaléed velocities inversion is observed
here when from the surface on sometlgpnterval velocities decreag#ile it is changingrom
frozen to thawed deposits.

For sedimentary rocks more or less essential increase in velocity with idggfical
becauseof increasing ofmountain pressuréOn the one handf is due toporosity decreasing,
what increases  according to (5)since 0 >0 . From the other hand, velocity depends on
the contactirea ofadjoining rock grains that increaa&h increasing pressure. As result Young's
module and velocitie® and 0 increase. Velocities increasing with depth attributable to
terrigenous rocks which differs by high initial porosiBor less porous carbonate deposits this
propertyappearsnuch more poorlyandfor chemogenic rocks is almost indistinguishable

With identical materialcompositionand an equal depth more ancient rocks differ in
higher velocities. Such effees due to theduration ofdiagenesismetamorphism and tectonic
stress processes impact which makes rocks more rigicelastic This degndence is quite
weak: velocity increases approximately as a sextic radical from absolute age of deposits.

In porous deposits on considerable depths velocity depends on a ratio of external
geostatic pressure from overlying rocks to the intrastratal ymeess the fluid filling pores. The
first one increases velocity reducing porosity. The second one prevents porosity reduction an
decreases velocity creating thrust in rock grains. The effective pressure which defines velocity
value is almost equal to afférence of external and internal pressure. In some cases fluid
outflow from sandy deposits under the influence of geostatic presshiederedby screening
effect of clay rock. For this reason intrastratal pressurgrémterthan normal hydrostatic
pressure at this depth, andvelocity in the layer is below the normal level.

Zones of tectonic disruptions are characterized with significant reduction of seismic

velocities which can reach 3 % and more, depending on reaftisintegration degree. This
effect is usuallyconsiderably highefor Swaves therefore theelocities ratio [ v O in

zones of tectonic violation, deconsolidation and cleavage of rocks has a lower value.



When the lithology composition of sedentary rock staypermanentthe lateralvelocity
changes are observed which are due to plicate structural fgatogity reduction is more often
noted in thecrest of reservoiwhere the rocksleavages more developed. Bubhe falseeffect
caused by increased dynamometamorphism in crest of folds can also occur.

Experimental datprovethat seismic velocities variations cdisplaychanges of a rock
tension. In particular, velocities reduction atieir anisotropy appearance ceaincide with
zones ofdeconsolidatiorndcleavageof rocksof tectonic origin.

Another important property which is quite often found in rocks is the anisotropy of their
elastic properties, resulting in dependence of seismic velocities values on therdii®atb an
effect arisesdue to both thidayer depositsstructureand spatially oriented rocks cleavage
According to theexperimental data, amotithologically homogeneous formations clay deposits
which are charactised with ordered scaly structunave the greatest anisotropiyor them™Q
for P-waves reaches values as high asl13and higher. In sandston@srarelyexceeds 1.2
values. Carbonate deposits have weak velocity anisotropy. #@v&s anisotropy is usually
higher than for Rvaves in the same sections.

Another reasotior seismic velocities anisotropy is intensive rocleavageoreakingthe
continuity of their mineral skeleton. If there are crack systems with fixed directiaves
velocity is maximumalong it andminimum perpendicular to.ifThe defined anisotropy factor
depends on shape and the relative cracks sizes in comparison with the prevailing wave lengtt
and alsoon elastic properties of cracks filler [Boganik G. N., Gurvich I.I. Seismic exploration.
2004.

Program installation and removal

The programZONDST3D is released on a compact disc or on the Internet. The
distribution kit includes this Manual. You can load the latest program updates on the site:

www.zondgeo.com/english

To install the program, copy the program from the compact disc in the chosen directory.
To update installation, juststallthe new program version over the old one.

Before the first program start it is necessaryirtstall the driver of protective key
SenselLock. To do this, open the SenselLock folder (the driver can be loaded from a compact dis
or on a site) and run the file InstWiz3.exe. After driver installation insert the key. If everything is
done a message that thekis found appears in the bottom system panel.

To remove program, delete the prograperatingcatalogue.


http://www.zond-geo.com/english

System requirements

The programZondST3d can be installed on the computer with Windows 98 operating
system and later versions. Recommensggstem parameters: P ¥ GHz processor, 512 Mb
memory, a display resolution 1024 X 768, colour meodieue colour. (Display resolution should
not be changed during working with data).

As the program nowadays actively uses system register resourcesteimsyater than
Windows XP, it should be run as administrator (the right mouse button click on a program icon

i run as Administrator).

Measurement units

Geometrical units (coordinates of sources and receivers, topogiapteers
Units of the first arrivals timeks milliseconds

Units of seismic waves velocitykilometres per second

Seismogram picking module

The field data processing aim is receiving of target wavedmstal timeshodograph.
To start field data processing, it is necessary to have the file or files ohfeddurementm

SEGY format. Process of seismogram pickican be performeth the special module (fig. 1)

which is called th@race editor in the program maimenu or by clicking the buttc@ on the
toolbar. After running this module, it is necessary to load field seismograms into it and start

picking process.
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Fig. 1. Operating window of seismogram picking module Trace editor.

The window idivided into two sections: a graph of seismograms displayingvéedy,

multitab section for setting and displaying survey layout parameters (rightward).

Getting started with the module

Work begins with opening one or several SE@&les or the projecfile. Once thdile is
loaded, theShow parameters for every filedialog appears. If you press tNesbutton there
will be the window in which the user is offered to choose the necessary seismic traces and to s

coordinates of sources and receiverstifs necessary (it is possible to set coordinates of

receivers and sources later) (fig.2).
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Fig. 2 Seismic traces choosing and coordinates setting window

Before loading SE& files, make sure that the file reading settingsttings/File

settings are correct (morenformation in the File reading and processing generaketting

dialog section).

The toolbar serves for quick calling the most often used functions in the module. It

Seismograms picking toolbar

contains the following button$r¢m left to righ):

E'-"- Open field data file or files in SE® format oroperatingproject.
1% Popup menu to run various dialogues and settings.

Activate zoom/selecting mode for seismogram section. Selecting is
{?-"_; performedthrough rubber rectangle using a mouse. Qhisamodeis

activatedjwo following buttonsappear

1237
s

Set the operating data window. Window size is set ilii.‘ﬁ enode

Operating window is used when filtering and auto scaling seismic tra

Move to the previous seismogram selecting section.

Activate the firstarrivals picking mode. The choice of the first arrivals
performed through the left mouse button. Rigltking deactivates the




chosen value on a hodograph. The program interpolates values of th
arrivals between the positionstbe first and the second mouse clicking

Oncethis modeis activatediwo following buttonsappear

i

The Multipicking option. The first arrival times are set automatic

from the first to the last selected point on the seismograms.

The Autopicking mode. Activate precise first arrival times positioning
mode. New value idefineddepending on the method set in the correc

settings {je to zero, to the extremeic). To change the settingsght-

click on the ilt button.

v

Activatethe mode of velocity determination between two points. To
determinate velocitin the chosen seismograsection,it is necessary to
choose the first point positiomhen,while pressing the mouse button,
move cursor to the necessary position. Velocity value will be displaye
the bottom of the status panel (the second section). Beéteemining

velocity make surghat coordinates of receivers are set correctly.

..

Run data filtration dialog.

R

Cancel filtration results.

fin_02m_20sht_2 |

Choose an active seismogram from the list. There are all the project

seismograms in the list.

|I3|:u:u:| v|

Seismogram gquality assessment.

:;a Apply changes and move to the data modeling and inversion window
- Refresh data ango to data modelling and inversion window.

Generalfile reading

settings dialog contains the following funcidsuttons:

Set the parameters of file reading.

Runthe seismictracesgraphicalsettings dialog

Run the image scale setup dialog.

el o

Run the background parameters settings dialog.

i

Activate the selection of active trace mode through the mouse. The g
trace is highlighted in green colour (default) and is drawn last. This m
should not be used during picking, because it slows down the progra

work.

Show thecrossing lines following to the cursor.




Display background showing a seismogram in the interpolation form.

Flip seismic traces through 90 degrees. Depending on datattigpe
|'|'|'|'|' convenient to use vertical or horizontal seismogram orientation.

t4

File Settings Tools Options Hodographs Waves Buffer

= |ml ot owul el zrktttg‘@ 1&|1:W3
.
&

File settings

Graphics settings

Scale settings

e

Background settings

% Active trace

Display cross
Show background

”H+ Change orientation

Seismogram picking window functions menu

The names of menu items and their aim are listed below:

_ . Open file, files set of field data in SEGformat orworking
File Open SEGY/Project .
project.
) ) Add data to the operating projettis option serves to join
File Add to project . . .
data in a single project.
File Saveproject Save correlation data and results in the operating project.
File Close project Close all the seismograms.
File Print preview Run the image printing dialog.
Settings Surveytype Field geometry parameters settings dialog.
FRE
Set dataperatingwindow. Window sizes are set in tti'i%
mode. Working window is used for seismic traces autosca
Settings Set working area If in the multitab section ofable tab the optioApply for
next shotss activated, the operating window is assigned fg
all the subsequent project seismograms.




Flip seismic traces through ninety degrees. Depending on

Settings Change orientation| data type is convenient to use a vertical or horizontal
seismogram orientation.
Settings Background settingg Run the interpolating background graphic settings dialog.
Settings Show background .Showbac.kgrouncdisplaying a seismogram in the
interpolationform.
Settings Background color | Run seismogram background fill settings dialog.
Settings File settings Run file general reading and processing settings dialog.
Settings Graphic settings | Rungraphs settings dialog.
Settings Scale settings | Run image scale settings dialog.
) ) Specifies how to display data: by channels, by distance, b
Settings Units ) -
offsets, in meters, milliseconds, or counts.
Settings Set sample time | Set sample intervaiiliseconds
BER
Set dataperatingwindow. Window sizes are set in ttii%
mode. Working window is used for seismic traces autosca
Tools Set working area If in the multitab section of able tab the optiomApply for
next shotss activated, the operating window is assigned fg
all the subsequent project seismograms.
Tools Selectall Setwholeseismogram as a data operating window.
Tools Filtering Run data filtering dialog.
Tools Undo filtering Return to thenitial data.
Activate the firstarrivals picking mode. The choice of the
first arrivals is performed through the left mouse button.
Tools Picking mode Right-clicking deactivates the chosen value on a hodogray
The program interpolates values of the first arrivals betw
the positions of the first and the second mouse clicking.
Activate zoom/selecting mode for seismogram sect
Tools 200m mode Selecting is performed through rubber rectangle usin
mouse. Then you can activate the autoscaling mode fg
chosen wndow.
Tools Display cross Display the crossing lines following the cursor.
Run the dialog of a fast source coordinate defining for the
Tools Edit source pos

of files.




Tools

Set cable

configuration

A very important dialog allowing areal seismogram sorting
for the more convenient picking.
Hodographs will also be displayed in accordance with the

chosen order.

Options

Delete currenshot

Remove the current seismogram from the project.

Options

Dele emptyshots

Remove all the seismograms for which the picking has no

been performed from the project.

Options

Delete dead traces

Remove the "dead" traces. The traces which are select
the column Table of the Dead tab in the multisaistion will
be removed. In this column the user can mark the fa

traces.

Options

Sort shots

Sort seismograms by the source position.

Options

Combine shots

Add seismograms, selected in the Operations tab of multit
section in the Shot field, to the current seismogram. It is
convenient when using short cables. In this case, as a rulé¢
cablecan be moved alorpe profile. This option allows

getting a long record from one soufoe several positions of
receivers. Bfore use, check the correctness of the coordin

recording.

Options

Fix currentshot

Fix (save) the current trace as an original with all the

processing details.

Options

Apply AGC

Apply AGC (Automatic Gain Control)The option performs
recordnormalizing by the average value of its leirea
certainregistration timenterval (window). The window size

is set in samples and selected experimentally. To cancel {

Ll
action use the buttoof canceling data fiIterin__,H

Options

Removeaverin

window

Removetheaverage value in the specified window. It allow
you to select the higfrequency signals. To cancel the actio

i
use the button of canceling data fiIterL’"‘J

Options

Collectamplitudes
shot

Collection of the first arrivals amplitudes where the time
picking is performed for the seismogram. This option allow
collecting amplitudes not at the picking point, because it




be zero, but in a window around it. The window size is

specified in sampkein the File settings/Amplitudes picking

menu.
Options Collect amplitudes | Collection of the first arrivals amplitudes where the time
all picking is held for all the seismograms.
Options Undo action Undo the last picking action.
Hodographs Deletecurrent Remove the current hodograph.
Autocorrect the current hodograph (correlation of already
Hodographs| Autocorrect current| picked arrivals based on theks charactenear which they
are located).
Automatic picking modéased on using the two adjacent
Hodographs Project current | picked hodographs which will be projected onto the currer
seismogram.
_ _ Pick the current seismogram on the basis of the results of
Hodographs| Projectemptytimes . . o
adjacent seismograms picking.
Hodographs Copy current Copythe current hodograph to the buffer.
Hodographs Paste to current | Paste data from the buffer to the current hodograph.
Hodographs Load picks Load picking data from the file.
Save the current picking results to the file. The following fi
types are availabld:accolite god filé save the current
Hodographs Save picks hodograph as a *.god fileaccolite directoryi save
hodographs for all seismograms in the specified directory
*.god file, SRTfile i save *.SRT file.
Hodographs Smooth all Smooth all hodographs.
Hodographs Smooth current | Smooth the current hodograph.
Hodographs Smooth reciprocity Average the reciprocal times.
data
Hodographs Co.rrect .tO Correct the record stdoly the reciprocal points.
(reciprocity)
Correct t0 Correct the moment marks (record delay time) on the bas
Hodographs
(calculated) the calculated hodographs.
] sCOL O MtejHdzgs thdBSE €
Hodographs| Reciprocityerror |[tcOfMfmydIls Odzdzz® dzO0 tsmdese j ¢ ted

Show the average data correlation error which was calcul




being based on the reciprocpyinciple

Waves P- refracted Set the picking waves typd- refracted.

Waves S-refracted Set the picking waves types- refracted.

1 sz dzv s Isdf §dSdese Odzdz
fpzzyoj, JdMmdd fted §dCdess ]
Waves Exchange P&S | o tsdzdz" .

Change the picking waves type. The option is used \idisa

waves type was set when picking.

Waves Removeactivedata | Remove active data.

Save current picking results in the buffer. It is possible to {
up to 5 variants of the same hodograph. Saved variants c;i
_ ] loaded by clicking on theragain. Aftersecondtlicking the

Buffer Picksl é _ _ _ _
dialog Working with buffer appears. It contains two button
From buffer- load the saved hodograph instead of the curr

one, To buffer save the current hodograph to the buffer.

File reading and processing generaetting dialog

You can run the dialog of file reading and processing general settings by using the option

SettingdFile settingsor the toolbar butto )

TheSEG-Y tab contains options managing the field data files format (fig. 3).

Before creating a new project from the SKGiles, it is necessary to be sure that settings
of this tab correspond to the files in usage.

v Automatic

[+ Fonward byte arder

v I 4 byte float j

[T Samples number I'IEIE4 3,
[T Samples interval I'IEIE4 3,

[+ IEEE/IBM
[+ Sort by nameddata
[T Orne file-One seismagra

N Fig. 3. File settingsdialog, the SEG-Y tab.

A



The Automaticoption activates the mode of automatic foratection. If this option is
deactivated the following settings are available.

The Forward byte orderoption - sets an order of bytes reading. The jopplist is
intended for a data type choice.

The Samples numbeaptioni sets number of counting in tiseismic trace. Th8amples
interval optioni sets an interval of seismic trace digitization (in samples).

ThelEEE/IBM optioni sets the PC/UNIX number format.

ThelEEE/IBM andForward byte ordeoption are mainly used.

The Sort by name/dataption i specifies to the program an order of seismic trace
sorting by file name or by date.

The One fileOne seismogranoption -allows determining each loaded file as a single
seismogram.

TheProcessingtab includes secondary settings (fig.4).

File settings |
Filration ~ |FFT |
—Timesz picking
Style Itn:n EtrEmum j

—Amplitudes picking

Stylz Araund t0 j

Wfind o 20

Fig. 4. File settingsdialog, Processingab.
The first popup list is intended for a choice of Fourier transformation algorithm (the fast

- FFT or usual DFT). The second puap list allows choosing the type of automatic correction of

the firstarrivals in the$ mode.To nullvaluei reduce to the flex poirdf the seismic traceo
maximumi reduceto the local extremum of the seismic trate,minimumi reduceto the
seismic trace minimuntp extremuni reduceto the local extremurof the seismic trace.

The third popup list Styleallows specifying amplitude picking type: about tO or after tO.

It is necessary to specify window size in Wedow



Survey type setting dialog
The Dialog is available in the main menu of the seismogmoking module

Settings/Survey settings (Fig. 5).

Survey settings ﬂ
5
— Set positive values for topoagraphy
S . elevation points. Megative for depth
fe 1and only! of buried 5/R.

(" Cross-boreholefland-borehole
" Underwater&land

" Underwater&water surface

Fig. 5 Survey settingdialog

The survey settings dialog window is divided into two ar€asthe left there is an area
Survey in which the observations type is set:

Land onlyi surveyconfigurationeath-earth. In this case, the Table tab of the multitab
section will contain the topography data in the column Rz.

Crossborehole/lanéborehole 7 survey  configuration of  crodsorehole
tomography/vertical seismic profiling. In this case, the Table tab tftabusection will contain
depths data in the column Rz.

Underwater & Land combined survey configuration.

Underwater & water surfacesurface and underwater survey configuration.

Survey geometry input

If survey geometry has not been input when $i5-Y files were being recorded, you
can input the data using the program options. You can initially input the geometry using indexes
(1,2,3 €e€) and then | oad t hHodofyraphsdab of the muttialr d i |
section. In theMultitab section options section the functions allowing setting the survey
geometry fast are describebDue to the fact that the data for the same source position may
contain repeated measurements, it is convenient to enter the source coordinates firstly and the
sat the seismic trace by the source position. This allows estimating and removing data and, if

necessaryneedlessecords.



The Set source positionglialog called by th& ools/Edit source posoption allows you
to input indexes of source positions in accuatioh files list (fig. 6).
In the top row of this dialog in théx, dyanddzfields the index increment for, X and

Z is specified. Theﬂ button assign an index to the following file along X equaSx+dx
alongY Sy+dy and along Z Sz+dFor fastSx SyandSzcolumns fillingfor the same source
position accumulation,it is necessary tdover thecursorover Sx of the last file, and with

pressed SHIFT button click on Sx of first file relating to current source position.

|
Sy
0
]
]
a0
]
]
a
]
0
]
]
a0
]
]

Fig. 6. Set source positiandialog.

Source and receiver indexes can be also input iRxh&y, RandSx, Sy, Seolumns in

the Table tab of the multitab section

Cable configuration dialog (seismogram sorting)

The dialog (Cable configuration option) is an instrument for an adequate seismogram
sorting and for the more convenient picking. It is an known fact that rate and convenience of
picking process for areal survey depend heavily on how the traces are Ebisetdialog allows
sorting the seismograms in an arbitrary, user defined way.

A
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In the left graph all the cable receiver positions in the chosen plane (XY, XZ, YZ) are displayed.
The displaying plane is chosen in tiee top toolbar popup window which appears in case of
crossborehole survey type.

The cables are selected one by one in the way that the traces must be sorted.

This dialog window toolbar contains the following options:

Load a raster map file, topography or observed data as a background (fiy.
hd

Load Google map.

& Add a profile line. To set profile lines click the left mouse button; to set the
T point click the right mouse button.
g Include measurement poiritsprofile automatically. The points contained in
' rectangular area around the specified line.

g Remove current profile

Remove all profiles.

_|1 3, Set the current profile number
15 2 Set the size of automatic receiver selection area.
2 Confirm and back to the picking mode

The receiver coordinates and their new indexes which will be used for seismograms
displaying are shown on the left.

Zond geophysical software




Seismogram visualization and scaling settings

For the convenience of analyst work various options of scaling and visualization
seismograms are provided in the picking mode.

The zoom of a certain section or its moving is performed in the selection/zoom mode
[ 18

~

'-!-."5- (thetooliia r udbtbamglreod) . For section selectio
cursor moves down and to the right, with the pressed left button (Fig. 8A).
The buttonSet working area and autoscaling tragkows specifying are convenient for

the selected area traseales automatically.

To move to the previous section of the seismogram selection use the k,E:)nTo
return to initial scale, do the the same actions, but the mouse moves up and to the left (the Fi
8B).

Fig. 8. The mouse movirgjrections for the scale changing.

Seismogram scale setting dialog

To run seismogram scales settings dialog, uses#tgngsScale settingsoption or the

button on the toolbe, , then press thrih'""*l button

The Scaling optionsdialog contains two tabs.

The tabScalescontains the options determining scales of seismic traces graphs and the
whole image (fig. 9).

The Norm style sectionsetsnormalization type for seismic traces graphs. Toemon
maximumvalue scales the graphs by the general seismogram maximunT.rd¢e maximum

value scales every graph by its own maximum.



—Morm style —LClipping

£ Cormman masimun kirirmnLnm

% Trace maximum b airnLim

[~ bystatdata W Autoscaling Start time.mzec |0

Pixels for trace a0 5 Pizels for zample (9 =

Fig. 9. Scaling optiondialog, Scalegab.

The Clipping areasetsgraphs maximam and mininum limiting valueson reaching which
the graphs are cut off

MaximumandMinimumvalues are satn the basis of the fact thette distance between
theadjoiningtracess equal to uniy.

The optionBy start data indicates to the program that graphs scaling wilpedormed
for theinitial (not filtered) data values.

The optionAutoscalingi sets thegraph image scale. If the optionastivated the scales
setautomaticallyon the basis athe window size. If the option deactivated image scales are
set by he optionsPixel for trace(pixels number for one trace) amixel for sample(pixels
number for one counting).

The optionStart timesets a moment mark value (positive number in mSec or counting)
for all the seismic traces. The times/counting axis is displaced s@thatmentmark isequal to

an axis zeroThereat appearancé negative valas on an axis is possible.

A
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Traces graphic setting dialog

To run seismic traces graphic settings dialog, use the opatimgs/Graphicsoptions

or the button on the toolb,, then press the butt(% (fig. 11).

The Trace tab contains the options which are responsible for the appearance of seismic
traces graphs. Two mairimary and Additional sections are responsible for settings of the
main and additional (displaying over the main inMhdti mode) seismograms respectively.

The Negative and Positive sections include color settings of graphs minimum and

maximum Eill color T color of filling, Transparent without filling).

Graphics settings

I Hodograph I
—First
—Megative —Positive
Fill colar B - | Fill calar l'
[+ Tranzparent [~ Tranzparent

[+ Tranzparent

Line color - |*| Active line color |:| |"r |
—Second
Megative Pozitive
Fill color B - | Fill color M - |

v Tranzparent

Line color

v Dizplay line

Fig.11.Graphics settingslialog.

The optionLine color sets line color of graph The optionActive line color setsline
color of the active graphThe optionDisplay line - indicates whetheit is necessary to draw
graphlines.

TheHodograph tab contains hodograph color settinggptiging on seismograms during
picking. The optionsCurrent, Previous, Next, Reciprocity, Calculatedset colors for the
current, previous, following, mutual andl@alated hodograph. If the option astivatedi this
hodograph will be displayed (if &xistg.

Button [Colors] runs graph plot editor settings dialog (more details Appendix 1:
Graph set editon).




Seismogram view mode

Depending on the data type it is convenient to use vertical or horizontal seismogram

orientation. The optiorSettings/Change orientationallows rotating seismogram tQOU(the

Fig. 12).
Shot PO00Z_RSUM_1 Shot PO002_RSUM_1

o o A , 11
== 21 . 4% ol 3
e A TR T N &
s il 1
TR W
I N T R =
e 150
16— gy 1751
PEmn i N e
01— - ' AT 200
R e |
- ﬂ.’.{m. = =
= S
= a e ]
e, Tp, M, pfgyeppep—
= I i,
B O N W W e a0
0] e iy iy TR |

RAGHR (Mm CE o UG By
At (V5 M s Sjm "M
w N e B S N
%1 ‘.‘-—M‘.—“lﬂh l,‘-_.; FF 'P‘I‘ 4754
et Y e T .

25 50 75 100 125 150 175 200 225 250 275 300 325 350 3"!5 4II}D 42‘5 45‘.[} 4“/5 56D é nll é é 1'0‘1'2 WLI 16‘1'3 20 22 24 26 28 303‘23‘!3‘5 3'8 “0'4‘2 4'4 4‘5 Jé

t d.13. Horizontal and vertical seismogram orientation.

To display background which represents seismogram in an interpolated form use the

=
button @I than press the butt or use the menu functioBettings/Show background

(Fig. 13). Color palette can be set by runni@glor palette dialog with the menu function

Settings/Background settinggFig. 14). (thee==d button in the file reading dialog)
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Fig. 13.Seismogram display options in an interpolated form.
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Pic. 14.Dialog Color palette

Seismogram picking mode main options

Seismograms can be sorted

- by file names Options/Sort shots by filename

- by source positionsOptions/Sort shots by position

- by distance from a soure@ptions/Sort trace by offset

Gain factor changingof thecertainseismic trace iperformedwith a mouse wheel when
hovering thecursoroverit or in the Table tab of multitab sectian

Seismogramsgrading and summationare performed when operatingvith the
Operationstab ofthe multitabsection.

To correct moment mankalue use the optiorstart timein the Scaling optionswindow

or in theHodograph tab of multitab section using the fieil ID . Options sethe
moment mark value (positive number in msgccounting) for all seismic traces. The axis of
times/counting is displaced so that the moment mark corresponds an axisTkzereat
appearancef negative values on an axis is possible.

The program provides work with separate seismogram traces whemdtieActive

———

trace ﬂf is activated.

The first arrivals selection is performed in tReking mode nJFH with the left mouse
button. The rightlick deactivates the chosen value on a hodograph. The program interpolates
values of first arrivals between of first and second mouse clicking positions. The observed

hodograph is displayed in red color, calculatéddu return to hodograph editing process after

Trace editor @ inversion) is in blue.
The program allows displaying mutual first arrival times during seismogram picking

time. To activate this function, use the following buttons:



To moveto mutual traces of seismogram press the combinatip6TRL]+[ALT]+ left-
click on the necessary trace.
To cancel the action (picking, coordinates input), use the combirf&idRL]+[Z].

To create an inversion project and go to the inversion module, use the :===)mn

the toolbar.If you only want to refresh picking values in the project, ust = dhutton.



Multitab section options

The multitabsection for survey configuration parameters setting and displaying contains

the following parts:

The Table tab I contains the table with the receivers coordinates, gain factors and
the other settings of active seismogram traces (fig. 15).

Sx |0 Sy ||:| Sz |E| 21 [ Apply to nest shots

N v |Rx|Rv|Rz|Gain|Dead|t,ms|
1 0 10 0 1 ] +
2 10 | 10 0 1 O =
3 20 10 0 1 ] =
4 ! W 0 1 ] +
5 0 1w 0 1 O =
6 50 10 0 i O *
7 60 10 0 1 ] *
8 70 10 0 1 O =
9 80 10 0 1 ] +
10 90 | 10 0 1 O =
11 00 | 10 0 i O *
12 110 | 10 0 1 ] *
13 120 10 0 1 O =
> — 5 O .
- — - . 7 ]
16 150 20 0 1 O =
17 160 20 0 1 ] =
18 170 | 20 0 1 O =
19 80 20 0 i O *
20 190 20 0 1 ] +
21 200 20 0 1 O =
22 210 20 0 1 ] =
23 220 20 0 1 O =
24 230 20 0 1 O =
25 290 20 0 1 ] +
26 250 20 0 1 O =
27 260 20 0 1 O =
28 270 2 0 1 ] +
29 280 20 0 1 O =

Fig.15. Tabletab.




The optionsSx, SyandSzset source horizontal and vertical coordinate (depending on the
survey type the vertical coordinate can set topography (positive values) or (degttive
values) )for active seismogram.

The same coordinates are sethe Set source positionslialog

Right-click allows setting coordinate incremsiir all the following seismograms.

The entry field below is intended for comments input for current seismogram.

The option Apply to next shotss intended to activate the geak (through) trace
parameters editing mode for the all seismograms. The general parameters are receive
coordinates, gain factors, indicator of channel unavailability.

TheV columni activates/deactivates the seismic trace.-thék on the columrheading
to activate, rightlick i to deactivate.

The Rx columni sets horizontal source coordinate X. Rightk on table cell to set a
coordinate increment for all the following cells.

The Ry columni sets horizontal source coordinate X. Rightk on table cell to set a
coordinate increment for all the following cells.

The Rz columni sets receiveZ coordinate (in case of borehole observafiodepth
(negative value$) Rightclick on table cell to set a coordinate increment for all following cells

The Gain columni sets gain factor for seismic trace. When record polarity is wrong, you
should enter gain with a minus sign. Lefick on column heading to increase, righitk - to
reduce (modulo) all seismogram gain factors. Radick on table célto set gain value for all the
following cells. In theApply to next shotmode gains are set for all the following seismograms.

TheDeadcolumni the channel failure indicator. This seismic trace won't be picked.

Thet,mscolumni sets the trace first arrival time value (in counting).

TheArray tab i contains the graph with the observation scheme (fig. 16).
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Fig.16.Array tab.

The shot point of active seismogram is displayed in red color. For the correct scheme
displaying it is necessary to enter coordinates of receivers and sources. Accurate coordinates ¢
be loaded from the file in thdodographstab.

[CTRL]+left-click the Rwaves schematic position wilperform transition to the
corresponding seismogram of selected explosion point in the left seismogram displaying

window.



The Hodographs tab ’ﬂ is intended for all seismogram hodographs displaying and
editing. During picking there are hodographs grapimdhis tab When pressing on graphite

correspondingeismogranibecomes selectdélg. 17).

" Table| {3 Anay /) Hodographs I & 0L |T
- E =

v sample_7 [V sample_8 [V sample_3 [V
-4 L

40 -
30~

20 ¥ &

Hm 50 100 150

Fig.17.Hodographstab.

Measured values editing is performed with moving graph point with pressed left mouse
button. The whole hodograph is moved with the pressed SHIFT button.

To select one graph and remove the other, press the mouse button on a legend wit
pressed SHIFT buttorBy repeated pressing the inverse operation is performed. For graphs
scrolling use the mouse wheel. To do it, select some adjust graphs (on a legend) and roll th

mouse wheel having hovered the cursor over a legend. Indexes of active graphs will change.

The button:? ID - setsvalue of time or the counting chosen by #iderin

the seismogram windoas a moment mark he entry field allows setting a moment masing
keyboard. The times/counting axisnsved so that thenoment mark corresponds an axis

zero.Thereat appearancd negative values on an axis is possible.

Buttons |" | and k2= also allow displaying th@able and Array tabs in separate
windows, thatsignificantly facilitates operating with datallowing seeinghe full information
about processed seismogram. In &reay window the same functions, as in the tab with the

same name agerformed



The button © activatesdeactivates the wholeodograph. It isalso possible to choose

sepaate hodographin the legend field.

[ womzample 1 [ = sample_2 [y = zample_3 [y sample_4 [ sample_&
b Lo

TheOperationstabEl is intended for displaying two seismograms (fig. 1). It is useful
for comparison, summation seismograms, analysis of mutual seismic traces. The seconc
seismogram is displayed by the line without filling and displayed according to scale of the first
one. When displaying two seismograms simultaneously, it is necessary to set coordinates of

receivers and sources.

E= Tal:ulel B .-’-'-.rra_l,ll {220 Hodographs S Mult |

Twpe |Ope j

Shuot

R eciprocity

Fig.18.Operationstab.

The optionType sets displaying type for two seismograrm®e valuei display one
seismogram.Source - one seismogram corresponding to the current position of a source
(repetitions, accumulation) is used as the second seismogram. All the seismograms for an activ
source are displayed in the list field where you can choose thékmany seismogram of the
project is used as the second seismogram. All the project seismograms are displayed in the lis
field below where you can choose theReciprocityi display mutual seismogram (input of

sources and receivers coordinates is obligatory).

Operations with seismograms



As a rule, the ragt of seismic survey is a filsetof SegY or Seg2 formats. Theddes
are "raw" data to berepared. After loading the data in the project it is necessary to input the
survey geometry for each seismogram (if the geometry is not in the fileap hesimply done
directly in the picking windowfér a cabl¢ table and using the optid&dit source pogfor
source positiongTools tab of the main menu).

Usually several seismograms exist (repetition, accumulation, left and right punches) at
onesource positionBut only one is needed for interpretation which is obtained by summing the
others, or selected from the best obtained at this point. When working witlvaSes by the
method of the left and rigtialls it is necessary to subtract from one another. To solve all these
problems, useOperations tab. It allows you to visualize two seisgrams and perform
operations with them.

For operations with seismograms obtained at one source positiocBpusgeoption. In
this mode, on the top of active seismogram another one is constructed, which is selected fron
the Shotlist. Operation (summinglbtraction) is always held on the current and the one selected
from the list. That is, to summarize, select the seismogram in the list, set the offset in the options

il FHEE
if it is necessary and click the buttc # . Use the buttor = to remove unnecessary
seismogams. In fact, after all necessary operations at the source point, you can remove all the

seismograms but active.

The button =] is used to calculate the correlation coefficients between the active
seismogram and the seismograms for the list. Bsisentiallysimplifies the selection of
seismograms which will be summarize.

Option on the right right sets the seismograms offset (in counts) from the list relatively to
active one which will be used during the operation. If you change this parametsectiral
shift will movegraphically.

Reciprocitymode allows you to display on top of the active seismogram another one
which is built on mutual traces. This makes it possible to assess the quality of the field data, to

identify errors in the recording stanarks and control picking.

First arrivals picking

First arrivals picking is carried out in interactive and samtomatic modes in the
ZondST3d. Since t is impossible to automate fully first arrivals picking for the actual field data
of engineering seismic survey, the program has tool allowing simplifying and speedinh up the

process.



Before start selecting the first arrivalgou should go to picking maa by pressing the

button ”JFH’ Next step is the values choideectly onthe seismogranwhich are displayeth a

form of a hodograph. To add/correct a value use the left mouse button. To specify points
sequenceuse the left mouse button (clicBpecifiesthe first and the last pointsaluesamong

which are determined by linear interpolation). To remove a hodograph psenthe right mouse
button. Depending on the handler preferences, the program provides a variety of ways to correc
the times positionsfdirst arrivals: by thefront, maximums, minimums, aray the correlation

maximum. Automatic picking mode is best used only for data with good qualigctivatefirst

arrivals correction mode use the but"ﬁ{ . When rightclicking on the button pepp menu of
correction method selection appears. The following options are available: torefdtenceto

zero, to extremum referenceto the inflection point, to minimura referenceto the minimum

point, to maximum- referenceto the maximum point, Corrade - adjusts the first arrivals
positions so that on the adjacent tracks points will be correlated with each other, Move to
reciprocity point- values of mutual points are used.

In automatic correction the radius or the width of the width of seasokis important
parameter. Search section is displayed as a circle around the cursor (when picking a single poin
or a band when picking a group values. Width/radius of the search area is edited by the mouse
wheel while pressing [CTRL]. Selection of firatrivals is performed in the search amathe
basis ofthe extremum type in serautomatic picking. The correlatiomaximum mode, the
program also determines the points on the adjacent waceé® basis ahis criterion, and to the
correlation lossWhen group values picking the search band, the circles will show the points
where the first arrivals value will be after the closure.

An additional functiorHodographs/Autocorrect current of the main menu is designed
to automatically adjust the firsirrival timeson the basis othe correlation of adjacent traces to
the alreadypicked hodograph.

When picking hodographs you should pay attention to the mutual time value (the blue
points on the seismogram). They serve as a criterion of picking cormeckmsdense survey
layouts (with a large number of explosion points at the receivers positions) control of mutual
points can reach 560 percent. This allows on the one hand coimggiicking and automatically
correctng errors in thedetermining of thestart record marks Qorrect Start timesption) to
another. If there is largemisfit between mutual pointsyou should find the reasamhich it is
associatedvith. To go quickly to the point of mutual seismogram use thiet mgouse button
with thekeys



Thus, picking process gerformed in the following way

1. Pick individual seismograms interactively or automatically (depending on the data
quality).

2. Adjust the value on the basis of mutual times and the whole hodograph group analysis.
Control the picking error by the optidgeciprocity error

3. Adjust the level of recording starts automatically for all the seismogr@msect Start
timeg or manually fo each one.

4. Average mutual times.

5. Smooth hodographs if it is necessary.

Data filtering dialog

Dialog represents the tool for the analysis of field seismogramraex filtration. In
the left window part there is a graph displaying the calculatedrspeof the working window
and a filter form. To change the filter form, use the right mouse button (to the closest filter bend
point).

The main aim of field data filtering is field signals selection against background noise.
The progranZondST3d uses two iftering types based on Fourier and Wavelet transforms. The

button runs the window allowing filtering of current seismogram. Seismogram spectrum is

displayedn the top offourier transform tab.To calculate spectrum, use the but B . If you
select the optiorAll traces,the average spectrum ftite wholeseismogram will be calculated,

otherwise spectrum will be calculated for the current trace.
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Fig. 19 Filter&Spectrundialog. Fourier transforntab.

Then it is necessary to choose filter type Goppmenu in top left window part). It can be
a bandpass filter or |l ow/ high frequencies

graph nodes (black line on top of graph line)) or in founyeinttds below graphs.

Filtering can be performed after filter parameters selection (b T 0. Filtering results

are immediately displayed in the seismogram sectindalso spectrum recalculating occurs. To

return to the original seismogram use ltldton 1ﬁ3 Filtering with specified parameters can be
applied to althe seismograms. Tdoit, selectthe optionAll shots

To activate wavelet filtering algorithm go Wavelet denoisingtab. Options to control
the wavelet filtering are the same as Faurigvith the exception of the following:
Wavelet type specifies the wavelet type.
Wavelet order specifies the wavelet order (complexity of its form).
Decomposition level determines the number of small details that will remain in the signal after

filtering. The higher the value, the larger signals will be filtered out.

The main stages of operating



Operating with new project algorithm can be divided into the followitapes:
1. Survey type choosin@Survey type).
2. Source and receiver geometry setting
3. Accumulation summarizing and removing unnecessary seismograms if needed
4. Traces sorting in seismograi@able configuration).
5. Filtering and setting gain factorfsneeded
6. The first arrivals picking itself

Field data inversion module

Data file creation and opening for inversion

To start interpretation in thedondST3d program it is necessary to make data processing

=

in the module of the first arrivajsicking (Create survey) and to go to inversion moc:==x, or
create the data file with defined format, containing information about receiver coordinates,

topography and first arrivals value.

Usually one file contains data of one observation profile. The text data files organized in

ZondST3df or mat have ¢*. ST3e extension.

Zond data file Open data file or project file with Zond format.

Programconfiguration Open file with program parameters.

For the correct program work the data file shouldn't contain:

A the nonconventional symbols dividing r

A absurd values of measur ement par amet e
values)

It is recommended, that the total number of measurements being contained in one file do
not exceed 10000, and the number of unique sources/receivers positions do not exceed 500.

ZondST3D program can also assemble files of *.z2d format into one project. In order to
do this in the dialog window ¢Opene in the
and select necessary files. After that kihdti -files casedialog will become ailable (fig.20)
and there it is necessary to specify types of the loadable data. The rest of modes collect data fro
several st3 files.



Multi-files case B

Collect from 20 Collect P45 Collect survey |

Fig. 20 Dialog of selection of loadable data types

Program allows to load the following data types:

Collect from 2D 1 assembles data of several profiles over the area. Usually 2D data has only X
horizontal coordinate and after choosing this option for every profile, the coordinate setting
dialog will become availabldi§. 21). There it is necessary tet €oordinates of the beginning

and the end of every chosen profile.

Underwater_winter.z2d £ |

Linel.m |0

I 1. m IEI 1. m IEI
LineZ, m I?EE.?EI ®2.m I?EE.?EI 2, m ID

Fig. 21 Dialog of coordinates setting for 2D profiles.

Collect P/ST use this option if P and S picking data are in two different files.

Collect surveyi the option makes it possible to merge data from different areas into one project.
After selecting this option program will suggest to specify offset value in meters for every
chosen data file.

When working with croskorehole tomography data, verticaordinate of electrodes
should have negative value. For more information about the details of operating with this data
type check the corresponding section.

To upload data from table text file or MS Excel file, pfike/Import from text/excel.
After sdecting file, you will see Export text data dialdig( 22). Start andEnd buttons in the
top panel of the dialog window allow to s#ting of the beginning and the end of the data. Select
the necessary string and press the corresponding button. Strings of the beginning and the end
the data will be highlighted in grey colour.

In the top panel there is also a ciapwn list in whid the data type should be chosen.
Land 1 land survey data, Underwatérmarine survey data, Creb®reholes- crossborehole
data.

In the adjoining pofup menu you should set the first arrivals units recorded in the file.
In the first raw of every dati@able column there is a pap list allowing setting the data

type: lineT number of measuring profile€sx, Sy, Sz - sources, Rx, Ry, RZ receivers
coordinates, tjp first arrivals of Pwaves, tg first arrivals of S waves.



End ﬂ Imseu: ;I

Sx Sy Rx Ry Rz

sX sy rx ry
0, 00000000 0,00000000 2.00000000 0, 00000000
0,00000000 | 0,00000000 4,00000000 | 0, 00000000
0, 00000000 | 0,00000000 ©.00000000 | 0, 00000000
0, 00000000 | 0,00000000 3.00000000 | 0, 00000000
0,00000000 | 0,00000000 1.00000000 | 0, 00000000
0, 00000000 | 0,00000000 1,20000000 0, 00000000
0, 00000000 | 0,00000000 1.40000000 | 0, 00000000
0, 00000000 | 0,00000000 1.60000000 0, 00000000
0, 00000000 | 0,00000000 1.80000000 0, 00000000
0,00000000 | 0,00000000 2,00000000 0, 00000000
0, 00000000 | 0,00000000 2,20000000 0,00000000
0, 00000000 | 0,00000000 2,40000000 0, 00000000
0,00000000 | 0,00000000 2,60000000 0, 00000000
0, 00000000 | 0,00000000 2,30000000 | 0, 00000000
0, 00000000 | 0,00000000 3.00000000 0, 00000000
0,00000000 | 0,00000000 3,20000000 0, 00000000
0, 00000000 | 0,00000000 3,40000000 | 0, 00000000
0, 00000000 | 0,00000000 3,60000000 0, 00000000
0, 00000000 | 0,00000000 3.80000000 0, 00000000
0, 00000000 | 0,00000000 4,00000000 0, 20000000
0,00000000 | 0,00000000 4, 20000000 0, 00000000
0, 00000000 | 0,00000000 4, 40000000 0, 00000000
0, 00000000 | 0,00000000 4,60000000 | 0, 00000000
0,00000000 | 0,00000000 4,30000000 0, 00000000
0, 00000000 | 0,00000000 5,00000000 0, 00000000
0, 00000000 | 0,00000000 5.20000000 0, 00000000

3,40000000
3,55000000
3,55000000
3,70000000
3,70000000
3.,85000000
3.90000000
4,10000000
4,35000000
4,35000000
4.65000000
4.60000000
4, 73000000
4,85000000
4,95000000
4.95000000
5.05000000
5.05000000
5.25000000
5.30000000
5.60000000
5.55000000

Emm-qmm_hwhdl—lz

S HE LR E

[ R o (R o N e Y s R Y o I o R o B o O s o N o R o [ o Y o s o O o R o N o R o Y o Y s R = |

[ R o (R o N e Y s R Y o I o R o B o O s o N o R o [ o Y o s o O o R o N o R o Y o Y s R = |

Fig. 22. Export text datalialog.

PresfOK button and the data will be uploaded, and you will see a window of
measurements parameters settings

Setting and modifying tomography profiles and data

After uploading data file, setting profiles dial&gt lines for survey appearsfig. 23).
This dialog lets you set, delete and modify profile lines (if 3D survey is assembled from 2D
profiles), change coordinates of electrodes as well as upload picture or map as a base layer fi
the site plan. The dialog &vailable in the program main menu Options/ Set survey lines.

Zond geophysical software




7. Set lines for survey E@u
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Fig. 23 Customization dialog for profile lines Set lines for survey
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] %) Map - load anddisplay raster map file (fig. 24)
Topography - display the relief isolines
% Load Google map

Add profile line. To set profile lines click the left mouse button; to set th
point click the right mouse button

Include measurement points in profdatomatically. The points contained
a rectangular area around the specified line.

Remove current profile

Remove all profiles.

Set the current profile number

Convert from geographic coordinates to rectangle. If it is known a priori
geographic coordinates (latitude and longitude) were in the file, it is
necessary to convert them to rectangular using this button.

Set coordinates in a tablegcations dialog)

Ef’ Select equal axes image scale or maximum window area filling.
|15 3] Set size of automatic selection measured points area in a profile
E Set the current profile name

Go to the data inversion mode for selected profiles system

Zond geophysical software




To change coordinates of receivers, use__l button, which activatelsocations dialog
(fig. 24). Coordinates of electrodes can be uploaded from text file containing columns with site
number, two horizontal and vertical coordinates, or they can be copied straight from any table file

r- Locations l =1 o[ e
=
name X Y | z | v | o
o o o
o 10 o
0 20 0
20 o o
0 o o
o 30 o
40 o o
o 40 o
50 o o
0 50 0
60 o o
o &0 o
70 o o
80 o o
o 70 o
0 30 0
90 o o
o 90 o
100 o o
o 100 o 1

Fig. 24. Setting dialog Locations for coordinates of observation sites.

To finish operating with profiles editor and go to inversion, pres_= ldéutton.

Setting dialog for the start model

Customization dialog for the start modéésh constructorappears afteresting profile

lines and pressing tril button. This dialog is also available in program main menu
Options/Mesh constructor.

The window includes two tabsXY view andXYZ view.

XYZ view tab contains thredimensional image of created mesh (fig. 25).ré@te the
image, use the left mouse button. To scale the image, use scroll wheel. To move along the axe
use the right mouse button. Press Shift and hold it while-dligking the axis to enable axes
editor.



-
Al Mesh constructor

WY e HTE view

XYE view

i:ig. 25 Mesh constructor window, XYZ vieab.

In XY view tab setting of all mesh partition parameters is accomplished. The tab consists
of two sections (fig. 26). In the left section there is a horizontal plan, the right section contains
mesh partition settings. Toolbeontainsthefollowing buttons

Build a model in accordance with defined parameters

e

- Remove line. Hold the mouse pointer over needed line and click the left mouse
button

Add line. Hold the mouse pointer over the pladesre you want to create a line ar
— click the left mouse button

Show relief map as a base layer

+

&

|
£I| Rotate observation area by a defined angle
0.00

Define rotation angle
Undo rotation

5
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i:ig. 26 Mesh constructor window, XY view tab.

Settings of mesh partition consist of:

Drop-down menuMesh typesets mesh type. The following mesh types are available:
Regulari fits for the majority of standard observing systems when electrodes are situated quite
regularly,Generali for relatively irregular observing systen@ne linei in cases when
observing gstem is considerably elongated in one direction (one or two long profiles). Program
will add cells automatically.

SectionAxes anglessets angles for X and Y axeg-éxis, degree and-#xis, degree
respectively). If Rectangular check box is selectedy#hge of rotation angle for second axis
will change so that their mutual orthogonality remains.

SectionDiv. number lets you set a number of cells along X and Y axes.

Drop-down menuDivide type allows to choose automatic or manual mode for mesh
setting.

If you chooseDivide type i Automatic the following sections are available:
SectionOptions, including the following check boxeRemove empty lirieremove empty cells
(without measurement pointg§mooth meshprogram will remove vertexes offset toula
electrodesCorrectioni program will find the optimal mesh increment if distance between
profiles/electrodes is not constambpo smoothnessset the degree of relief smoothing (values
from 1 to 5, where 5 maximum smoothing degree).

SectionExtra div allows to set a number of intermediate cells for X and Y axes respectively.

If you chooseDivide typei Manual sectionAxes Rangebecomes available, there you
can set the minimum and the maximum coordinates values along X and Y axes respectively.

Section Z-axis, Max.depthis intended for setting partition along vertical akiax.
depthi determines the depth of the lower layer. It should be borne in mind that the maximum
depth value must not be too large because there is a decreasing with depiinfinénce of
magnetic and density section paramet8tart height i sets thickness of the first layer. This
value must comply with the required resolutibrcrement i sets ratio of abutting layers




thickness. This parameter is usually in the rangetof2LDiv number i sets a number of layers
in the model. It is usually enough to haveI®layers to describe model. Setting too large
values of this parameter is not desirable because it will lower computing Sppedcoeffi set
coefficient of topogaphic form distortion with the depth-8&). 07 relief of each next layer repeats
the previous one. lLrelief flattens out with the depth, the last layer is flaf. 7).

9 ] 2 3 K/’\;_k/\
MMMM

TS 8 TN, T —
NN, /T — T e—

TN

Fig. 27. Model layers distortion using Tommefficient parameter from 1 to 5.

To finish operating with mesh constructor and go to inversion, press the
button.

Program main window

ZondST3D main window is divided into 4 sections (fig. 28). In the top left corner there is
a 3D model section. In the top right corner observed and calculated graphs for selected profile
are displayed (or, if the data is not structured, the general gfr&pR dlistance dependence). In
the bottom left corner there is a plan of graphs or plan of contours for all the profiles. In the
bottom right corner there is a 2D plan of model in the selected direction. Click the right mouse
button in one or another semtito see settings menu for this section. Settings are described in
more details in corresponding parts of the guidance.

Fig.28 Main Window oZondST3D
















































































































































