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EF One software package
for nearly all wave data like

GPR, reflection seismics, refraction seismics

for Windows92/2000/NT/XP

REFLEXW is the new WindowsNT/9?/2000/XP software generation of REFLEX for the 2- and 3-dimensional
processing and interpretation of reflection, refraction and transmission data with a wide range of applications:

$ GPR (Ground penetrating radar)
$ reflection seismics

$ refraction seismics

$ borehole-borehole wave data

Apart from the complete range of the standard filter- and CMP-processing steps many elements especially designed for
various applications are incorporated:

3D-datainterpretation incl. calculation of timeslices

picking of first arrivals or horizons

wavefront-inversion of first arrival traveltimes

raytracing using a Finite Difference approximation of the eikonal equation

tomographic interpretation using SIRT

Simulation of the wave propagation using a Finite Difference (FD) approximation of the elastic or electromagnetic
wave equation

The following modules of REFLEXW are available:

*

module 2D data-analysis for GPR, reflection seismics, refraction seismics, borehole-borehole data

Many different processing possibilities - interactive processing of single files or by generating a batch-file, one-
and multi-channel filters, editing, static correction, deconvolution, migration and much more. All processing
steps are documented.

Easy Import of data of many different formats (e.g. SEGY, SEG2, most of the GPR- and seismic systems (for
example: GSSI, RAMAC, PULSE-EKKO, ABEM, OYO, Summit and so on), integration of other non-standard
formats.

conversion of single sections and of a profile sequence (automatic assembling and storing of the sections under one
single datafile or automatic generation of datafiles for parallel and inline-sections).

Velocity analysis of zero offset or shot data using an interactive hyperbola or line adaptation or an intercepttime
method

Picking of arrivals - manual, automatic or semi-automatic, ASCII-conversion of the picks

module CMP-processing and 1D-velocity analysis for GPR, reflection seismics and refraction seismics
single-shot data processing (sorting, display, processing, NMO-analysis, stacking)

interactive analysis of CMP- or shot-data using a semblance analysis or an interactive adaptation method calcu-
lating either the reflection hyperbolas (reflection seismics) or the complete traveltime branch including diving
waves (refraction seismics).

module 3D data-interpretation for GPR and reflection seismics

Display of x-,y- or z-slices. The slices are either displayed in manually scalable windows or by moving through
the 3D-cube using a track bar.

Picking of arrivals

module refraction traveltime analysis for refraction seismics.

Interpretation of refraction seismic first arrivals. The module includes various sorting and combining possibili-
ties for the picked traveltimes. These combined traveltimes are the bases for a FD based wavefront-inversion.
Different raytracing methods are available for the evaluation of synthetic traveltimes. An interactive 1D-velocity
analysis tool allows the adaptation of the complete traveltime branch including diving waves.

module forward modelling/tomography for simulating the electromagnetic and seismic wave propagation in a 2-
dimensional medium using a Finite Difference scheme. A tomographic approach based on SIRT is incorporated for
the inversion of the traveltimes. Straight and curved rays are supported.
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2D data-analysis

The module 2D data-analysis allows the complete 2-dimensional processing of single shots, zero offset lines or multi-
shot gathers. The module is useful for the following applications:

— GPR (Ground penetratlng radar)
— reflection seismics

— refraction seismics

— Dborehole-borehole wave data

Import data

An import option allows the loading of the data for almost all existing GPR and seismic data formats (e.g. GSSI,
PULSEEKKO, RAMAC, SEGY,SEG2). Single sections as well as a profile sequence (automatic assembling and storing
of the sections under one single datafile or automatic generation of datafiles for parallel and inline-sections) may be
imported.

The data display and printing possibilities

- display of the data either in wiggle or filled area
point mode

- “normal” reflection (time axis from top to bottom) or [ EEEgETEwT—
refraction (time axis from bottom to top) display Flotseting ‘,ﬂc'gh Uhj“”QS [ ———
3 . . owhdarker
- continuous .dlspla.y of. the current mouse position Plotmode [Formods ] | Trathiseoismis 3
parameters including time, distance, amplitude and ™ Tracenomalice [ PotatedDegree FFNPYAX‘S e
depth . ll: Cuto;nt?trpolatlwﬂw " SFI\EXAMS 2
1 : PointmodeScal er.Spli or.Spli
- the user may switch between two different scale wacals: |1 ® Sealoapiat || ShowsecondlLine -
modes: el C PielPersample | [ Grid [ #IszthE_monent }g
1. the data are completely plotted into the actual cale i '® FrelPaiae: Ei::r::’;;e redsctonvelecly B—
window with subsequent free zooming and moving | - Vaieame "
possibilities ) . “Wigleatributes [ Deptnacs  vimnel [o7 ’
2. trace based scale: the user chooses the pixel size seale: |0.001 I™ Showiiggle F"T""T_Eﬁfdep‘hr?;;el ok
. . . oo Elevaton
for each trace. If the line is not completely plotted Cip: 10 I ShowallDataPaints| | — o ename 2
into the window moving possibilities are available. nirace: |1 [ ShawSinglePaints | |7 chiowvelocy :
[T 1trace [q Colaor —Pointmode attibutes——————
- zoom- and autoscroll possibilities b
. . . Fill: IED|DI’S j act Palette IGray1 - o
- loading of a secondary profile, horizontal or vertical 10
split-mode or overlapping of the profiles et ey Tk e g NewPalette | ResetaliPalsties | =312
. . . . . = | scaling———————————— 14
- loading of up to 4 different files with single or multi r::::al% T € RemoveColor ® ChangeCalor =g
axisscaling, horizontal and/or vertical split-mode . (" InterpalateColars  DragColars =)2
. . op e . XIMax: |24E,118 90,9375
- interactive magnifying glass option (see figure on B SavsActPalstis |2
the next page) with choosable zoom factor - a freely e [10 oy i gz o S r 26
choosable data part is continuously magnified when N o
moving the mouse [ AgoGan o[ _’C*m';'"‘lu'fem'e- E—
. . . . . e 1 ContralPanel
- interactive color amplitude assignment for point 'IZIE””E‘VE_)“&V,— — e | e |
fi=1e:=1s [=1]g) . : ID
mode tirErEnge

- display of the profiles in the point and wiggle mode

- many different plot options, e.g. rotated display,
combination of wiggle and point mode, free choosable axis and so on T —————

- easy transfer of the data to the clipboard wisls|olsiol+l8] ”'J“Mm Slsimiselael, 5

- printing out the data with freely choosable scale either in cm or scale "#* ZrEaaii_—aeaeiese 2
like 1:1000; support of banner output (continuous printing on printers
which support banner output, e.g. HP Deskjet 1120 C), possibility of
freely placed annotations (see print preview).

- stack printing of a complete set of 2D-lines using the same printing
parameters

- Print preview menu - allows to preview the size and shape of the print ; |-k
output and to define a print header consisting of up to 30 different |
header comment boxes containing up to 6 different comments.

- oscilloscope-function - wiggle plot of the actual trace with the
indication of the actual amplitude, time and frequency . T

- comprehensive context sensitive online help . B

Example of the wigglemode display of a
seismic refraction section
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EReﬂexw - 2D-dataanalysis o ] F
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Example of the pointmode display of 4 different GPR-lines with activated magnifying glass
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Print preview window with the possibility of defining freely placed boxes each containing up to
6 different comments
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2D data-analysis

The dataprocessing possibilities

A single radargram or seismogram section can be interactively processed. Primary and secondary profile are displayed
simultaneously.

The batch mode allows the automatic processing for a choosable number of lines. A sequence of processing steps will be
applied on an arbitrary number of profiles. The batch mode runs totally automatically. Primary and secondary profile will
be displayed, whereby a direct control of the result is given.

All processing steps are stored for each profile and can be edited at any time.

The dataprocessing is completely interactive. The
effect of the filter is online controlled when
changing the filter parameters by showing both the
original and filtered trace. All edit inputs may be
entered either interactively in the original profile or
using the table input.

An overview of the different processing functions:

editing functions (like removing, extracting of
single traces/trace ranges, muting, stacking,
subtracting or adding of profiles and much more)
Horizontal scaling of the data, automatically or
manually or by a combination of both

flipping the profile in x-direction or y-direction
static correction (interactive input of the correction
values, slant stack correction and so on)
gain-functions in horizontal und vertical direction,
AGC (AutomaticGainControl), automatic trace
balancing, linear and exponential gain function,
automatic gain based on mean amplitude decay
curve

P FKfilter/ FK-spectrum [_ 0[]

FKSpectrumGroupBox1

© manual input
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= *roc. Start | Exit |

a great variety of 1D-Filters like bandpass, notch-filter,
timedependent bandpass, crosscorrelation, arithmetic
function, averaging, median-filter, deconvolution, complex
trace analysis (instantaneous frequency, phase, envelope),
time-depth conversion, background removal, declipping and
SO on.

Spectral analysis - single spectra, moving-window-analysis
migration - 2D Kirchhoff, 2D fk-migration, 2D Finite
Difference migration with lateral varying velocities, 3D
Kirchhoff

some other 2D-filters like subtracting average, running
average, compress and expand and so on.

fk-filter (see figure on the left) with the possibility of
manually input the filter range within the fk-spectrum or by
defining a velocity fan. Different tapers and taper width are
available.

and much more possibilities

All processing steps are stored in the header of each profile
and can be asked for at any time.
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2D data-analysis

batch-processing

The batch-processing facilitates a completely automatic
sequence of processing steps for a choosable number of
profiles. Primary and secondary section are displayed
simultaneously, whereby a direct control of the result is
given. You may choose between the so called sequence mode
and the single processing mode with the possibility of
applying the processing steps individually on the primary

profile.

E Reflexw - 2D-dataanalysis
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0 0

= | An interactive hyperbola-adaption for a

ZEIT NSEK]

77 | simple determination of the average velocity

. | from a zero-offset or CMP profile (see figure

a0 | on the left) is integrated. It is possible to
=" | adapt diffractions, reflections and straight

-208
.z | lines. You may change the velocity, the
.| radius of the target, the angle between the line

a0 and the target and the width of the calculated
w | diffraction or reflection hyperbola.

410
612

s | There is also the possibility of fitting linear
" | features either by changing interactively a
line or by setting two points.

KT

[llfiraction-adaptation - use key <" or "> for changing the actual (aqua) parameter - fix the adaptation by mouse click

Use of the diffraction adaptation for 2 different GPR-lines

The option core allows to vary interactively the
velocities of the single layers of the individual cores
stored within an ASCII-file.

In addition an interactive use of the intercept time
method for seismic refraction data is included. The
option enables to get a first 1D-model very quickly.

The velocities may be stored on file and may be
reloaded at any time. The velocities are combined into a
2D-model by using a special interpolation. Such a 2D-
velocity distribution may be used in a subsequent step
for the migration or the time-depth conversion.
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EI- Global Plot Yew Erocessing Analgs
el oo m| @ *IEI-IBI%IG-IM@@ o ook | o] )
ictscate |10 2] actPalems [Gray! =] # el mmove © chonge |

& &%]ao%%%,ﬁw - WW I I

1 D\F!EFLE‘\M\MWU\W‘S DAT!hwa 24/ samplas: 1000

volocry  weercepmmediancn  hme ,fi
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TIME s

| DISTANGE METER|
F1|
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Use of the intercepttime method for refraction data
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2D data-analysis

Picking the onsets/first arrivals

ﬁﬂeﬂexwf 2D-dataanalysis [_ O] =]

File Global Plot Yiew Processing Analysis Help  Exit
@_I_ A:0,00000 |x 174526
P = 3 3
<] ) o d - -7.24947
e

The picking option allows to pick the |21
codell

fol | 2] |8 «|m|>]>5] ]|

traveltime and the amplitude of different ~ “pitssalerfi =] actPatatie [Cray =TT set £ remove # hen
onsets like reflectors or hyperbola or the & fiessiloser 1] T pickcone [0 o | rmset | o fpiton zine_conto | mrpolate :fEI
[ auiestopilinvac= 1t SEVE se:.pi:ks- corr.manx. = mmkerpicks'_a”

first arrivals. £ menulpick T autcctar | maxat. [5
1. DAREFLEX\refralrohdata RODTEI5_DAT { traces: 24 / samples: 1000

© differznce picl

You have the choice between manual
picking, continuous picking and a semi-
automatic picking using a phase
follower (manual editing is always
possible).

The picked values may be corrected to
the extrema or the zero-crossing. In
addition a time/distance correction to the
maximum value within a given window
is available. This allows you for
example to pick the hyperbola cusps
very quickly. a

TIME [ms]

It is possible to export the picks into an
ASCII-format together with the 3 space e - - - - - . = = .
coordinates fOI' a subsequent inter- LL| DISTANCE [METER] =]
pretation. ‘.

=

The so called layer-show offers the

possibility to combine individual pick files, to plot them together with the wiggle-files and to output them in report form
on printer or file containing the depths, velocities and amplitudes of the individual layers. The time-depth conversion of the
picks is either based on a constant velocity for each layer or on a 2-dimensional velocity distribution allowing to take into
account vertical and lateral velocity changes.
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]
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-
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2D data-analysis

gk

Handle the traceheader(GPS)-coordinates

REFLEXW allows to handle so called traceheader coordinates which are stored within the header of each trace. Several
ASCII-formats for the GPS-data are supported in order combine the traceheaders with the GPS-coordinates. Therefore it
is possible to use GPS-coordinates for special analysis.

The GPS coordinates can be used for
exporting picked data to an ASCII-file.

DISTANCE [METER]
ki 2an

In addition there exist two different
viewing options of the GPS coordinates
(see figure on the right).

First the profile location based on the
traceheader coordinates can be shown in an
additional window (any curvature of the
line coordinates is displayed). When
moving the mouse cursor within the data

EEC]

TINE NE

window the actual xy-position of the [=Eatii _ :Iﬁlil
mouse cursor is also shown. ‘ Ve dize
Second the xy-receiver traceheader- = -
coordinates may be displayed along the 2 e
distance axis. i g
£ et
: E w el
The GPS z-coordinates can be used for a £ e
static correction either as a plotoption or as 2 e
a processing step. % e
10 il
120 140 150 160 170 100 190 200 210 20 20 240 250
H[METER]

3-component analysis

The option allows the interpretation of 3 component data. The final REFLEXW 3-component datafile will be constructed
from several original datafiles containing multicomponent data. Each original datafile must contain one single

multicomponent dataset.

The data may be sorted after ensembles with each
ensemble containing the 3 component traces (see
figure on the right). It is also possible to display the
into 3 different windows with each window
containing all traces of one single component.

The particle motion and the actual polarization
angle can be displayed.

The option colored allows to color the wiggles
based on the actual polarization angle. The analysis
window determines the lenght of the traveltime
window for the polarization analysis. The option
hodogram allows you to continuously display the
particle motion within the chosen plane when

E HodogramForm

s

¥ show points

[# showline

M=

Tnearty: 0,3711233
angle:-1477478

x (North

moving the
mouse cursor
in the data. The
linearity factor
(1- completely
linear, 0

01rcu1ar) and
the dominant
angle are also

™ Reflexw - 2D-dataanalysis
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determined and displayed when you have chosen one of the 2-dimensional planes (see
figute on the left). If the plane xyz has been chosen, a 3D-cube display of the particle

motion is shown.
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CMP-analysis

i

The CMP-analysis module consists of two parts (the CMP velocity analysis and the CMP-processing):
The module is useful for the following applications:

— reflection seismics
— GPR (Ground penetrating radar)

CMP-velocity-analysis

The CMP-velocity-analysis allows
the calculation of a one-dimensional
velocity-depth-distribution from
CMP- or moveout-data based on
different analysis techniques.

The module offers the following
possibilities:

interactive generation and change
of a velocity-model for a CMP-
or a moveout-section with con-
tinuous indication of the actual
reflections

semblance analysis for a given
velocity-interval, interactive
choice of a vrms-depth-distribu-
tion from the semblance analysis
or from the interactive adaptation
panel

loading of a second CMP-section
for a parallel adaptation of the re-
flections

loading of a zero-offset section

= Foiliow-CMP velocity analysis
Eile  Global Mwew Flot Help Exit
i | AP N T N jon | | con | | 2D-madet | T
. 140,92
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£ F E
an i )
10
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an 12 2
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with true distance information for a calibration of the corresponding reflections
generation of a 2-dimensional velocity-model based on the resulting 1D-velocity-depth distributions. This 2D-model

represents the base for the stacking.

B Bl - 2D-dataanalysis
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MATTLER i ST MY i
el S ;
L .n :éj -J<$\:£ij‘(\)’xr-. \I"\ ‘- \: T ALl .' 1 * 1 u |

sorting possibilities.

Stacking or simple NMO-correction of CMP-
Gather, Common Shot-Gather or Common
Receiver-Gather is possible based on a 2-
dimensional velocity-distribution (see velocity
analysis) or using a slant stack algorithm (only
stacking).

Optionally an automatic correction of the
residual statics is applied.

e .-.m. Bol Anshes Hep Em
Ela|n|s|s| «[a]e]>]=] alaf3]

lekef: 55

There are different possibilities of entering or changing the geometry:
Two different standard geometries are implemented: moving line and
fixed line.
Activating moving line allows you to define the geometry for a
geophone line moving with the shots.

Activating fixed line allows you to define the geometry for a fixed
geophone line for different shot points.

In addition the geometry of each trace may be edited individually and
the geometry may also be loaded from an ASCII-file.

CMP-scteg/umch. goomsey |
wandned gecmetny $how Qeomry
- 205 wad wom oo | mmpom-llﬁm savw gucmany |
T fndiea s i geomety | = wond geomesy]
i =
: 3
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RE XW Refraction traveltime analysis

The refraction traveltime analysis module allows to analyse and interpret picked first arrivals. The module is
useful for the following applications:

— refraction seismics

The module consists of two different parts:

The first part (traveltime processing) contains the possibility to put together the picked traveltimes from several shots and
to assign the picks to special layers.

The second part (traveltime interpretation) contains the interpretation tools like wavefront-inversion, forward raytracing,
interactive 1-dimensional adaptation and refraction tomography.

Traveltime processing

(™ tinwnitime nnnlysis 70

Within this menu it is possible to analyse and interpret picked first arrivals ;’[ ;lmal"::;éﬂ‘f;_f‘“ G . R
(refraction seismics). Precondition is that all chosen data are located along one &fgmls] = ———— frmes

line within one acquisition plane. You may put together the traveltimes from - — Mg'ﬂ&—‘ =
several shots and assign the traveltimes to special layers. Those traveltimes
stemming from several shots and belonging to one layer may be combined
together to one forward and reverse traveltime curve. These combined traveltimes
are the basis for a subsequent 2D wavefront-inversion which allows to invert both

the structure of the layer and the smoothed refractor velocity. il

The traveltime processing part offers comprehensive tools for

* sorting of the traveltime data

* interactive editing (moving a set of traveltimes, cancelling of single
traveltimes, combining different branches, ...)

*  comparison of traveltime data (e.g. real and synthetic data); calculation of

the discrepancies

CMP-sorting (e.g. for 1-D-modelling)

interactive assignment of arrival times to layers

manual or automatic phantoming

reverse traveltime control - output on screen or file

Comparison of a single shot travelti-
mecurve and the corresponding CMP-
sorted traveltime branch

¥ ¥ ¥ ¥

™ travelime analysis 2D S[s] B3
File Edit Global Yiew Plot Analyse Help Exit

EIQI add filsname M & st forsord shot ﬁll‘ show ariginal = medizn d: 149,042
1 demodats] © remove 2 = = t- 8,25307
ﬂ&lglél lavernr, reverse shot| auto combing &—Iﬂ ance no. &
& |chamgel wavefmnt—mvers\nnl 2 — 11  manual combine generate ks
il =
max forward traveltime: 70,49422 :I
max reverse fravelime: 7339211
difterence: 2,837888 "o
0 o a?
nuu I:Ir.|""
Bg nuu
o
0 og o
o o
Oop ofb
o o
LT o
50 uu uuuu
LELS oo
- o zoo
2 SLL
g a0 o o

a

kY
300

distance [m] -

KIN| ,

Traveltime data put together and assigned to 3 different layers - for layer 2 one
complete forward and reverse traveltime curve has been automatically
generated which is the basis for a subsequent wavefront inversion
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Refraction traveltime analysis

Traveltime interpretation
The first arrivals may be interpreted in the following different ways:

" interactive 1-dimensional traveltime adaptation

"* 2-dimensional wavefront inversion of the complete forward and reverse traveltime curves

"" 2-dimensional forward raytracing and comparison of the real and the calculated traveltime data
" refraction tomography

8 ol CWP velacity analysis
Eie Ciobal Wiew Pt Help Exit

. . . . L 2 K | apesion | samblance |
1-dimensional traveltime adaptation depes. [ sl ionbimce
T g |
@ boundary e sboundary

& wme | © matlachon

The 1-dimension traveltime adaptation allows the interactive | Fram @mmae  Cussen | T« i
calculation of a one-dimensional velocity-depth-distribution ™"
from refraction shot or CMP-data. R
The intercepttime option allows to calculate a first starting model
which may be refined interactively (depth and velocities). The
resultant diving waves, reflections (incl. overcritical) and surface
multiples are displayed in real time. A comparison can be done
with either real traveltime data or the complete data set (in this
case picking is not necessary).

dagis [METER|

wavefront inversion:

Wakingirio

The wavefront inversion allows to migrate the combined forward
and reverse traveltimes into depth using a Finite Difference approximation of the eikonal equation. The following
traveltime processing steps must have been performed before:
X put the different traveltime curves together
assignment to the actual layer
X combination to one single forward and reverse traveltime curve (see figure on the previous page).

The method allows:

- interactive back propagation of the wavefronts using finite differences approximation of the eikonal equation; the
backpropagation is exact, even for very complicated overburdens.

- no parameter adjustments are necessary

- inversion of layer interfaces and layer velocities

- the topography can directly be included in the inversion process (no static correction is necessary)

The complete forward and reverse wavefronts are continued downward based on the given overburden model. The new
refractor is automatically constructed at those points where the sum of the downward traveltimes is equal to the reciprocal
traveltime. The refractor velocity is determined from the mean of the slopes of the forward and reverse wavefronts at the
new calculated refractor points.

S model generation/modelling

The method is iterative. This means that each i Edt Gobal Vew Bal sebse el Est

. m‘g q 1. e smin: n menin: |0 o x 494, -’iJ
layer must be inverted separately and that the FE IE e P i i T e i : 12262
] Cocicde | C changep  © edilayer v
Temo] rey| _now || © metangle| © remove p S——— acoushe = I

overburden must be existent. It may contain any
2-dimensional structure. S " s =
] 0 e I.ll.]lfl 540 &0 00 il

2| [ofx

The results (interfaces of the layers and layer
velocities) can easily be manipulated (e.g.
smoothed). A priori information can easily be
incorporated to the overburden prior to the
inversion of the next interface. This guarantees
that all available information contributes to the
inversion result.

i
100

B39

1146
1316
1485
1654
1823
1393
a6z
FEEl]
o1
Lyl
ny
HoE
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RE XW Refraction traveltime analysis

forward raytracing:

A fast and reliable traveltime
calculation for arbitrarily complicated
2D-models is possible. The method is
based on a finite difference
approximation of the eikonal equation
for calculating first arrivals. It takes into
the account the existence of different
propagation waves like transmitted,
diffracted or head waves. Therefore no
practical limitation concerning the
complexity of the medium is given. The
method is very suitable for near surface
investigations, because there is no need
for approximations concerning the
complexity of the models. The
wavefronts and therefore the raypaths
can be stored and displayed.

The information about the geometry
(shot and receiver positions) can
automatically be adopted from the shot
records or from the traveltime files.
Editing, if necessary, is easily possible.
The number of shots (e.g. a complete
refraction seismic line) is not limited.

refraction tomography:

The refraction tomography allows an
automatic inversion of the combined
traveltimes. The data coverage must be
high enough but no assignment to layers
is necessary. The inversion is based on a
two-dimensional tomographic
approach based on SIRT (simultaneous
iterative reconstruction technique). The
curved rays are calculated using a finite
difference approximation of the eikonal
equation (see forward raytracing). A
start model must be defined. The
resulting velocity model is a rasterfile
stored in REFLEX-format whereby all
possibilites of REFLEX are available for
a further display.

2 b finyaree. | Eo ot (1] ammin, [0
B FL:' s | Caslponl  C chossslon mme mu_lm Fends i
BEEE 2| cicln | Cchananp edtisyee . aisock leve v
| Tomaf rey _new || r rectengie ~ mmove p HETV prr—— = I I
ot octueloytr_ | ot ver move | amaunt polote] ackd 003 [ wopogrephy | ey
-~ e [ethoumeve] [0 mmgjé ™ ! T~ iproject]

0

depth fm|

—
recxotert U
recxend I
merstet i
worend [
" fl F caloulate rye

g (|

'Zh

[ model generation/modelling HEE
Fle Edi Global View Flot Anabse Help Esit

E layer . amin: [ zmin: [0 P
[a]| Sl Cotoat G cenlen ,: s l: peced o Vi

0 ek | changen © edtlan 10 10T dide K

0] Toma ey new | € rectangle € remove p. 53s78RT | facoustic <] | et level [0 i

edit actual layes ol ver move | smourt_ ewtiapolate| add topog | T topoaraphy travekine: sec.coord,
C o vtz | tot hormovelfy e ) il | | & wpoiest © zproject| oo
€ averene b nove | combing layers) " yproject = zcoord

distance fm] x T i
] 1 o0 30 40 50 2] m a0 P input parameters 3D Tomography—|

space increment: i3 ™ 30-tomography
ma iterations 100 wmir: |0
Wl
o mas. time: [1000 ymax: [0
thieshold 00 |~ showriag
B modekhangz & 1 I colred

g | modshangeB: [0 ey [16777
conveigence search: [20 minvel [0

max def change (%] |1000 manvel (3531
M| def. data-vai om

625

- o [ ContioPanel—
3| mak beam width checkrars
stat cured iy |1
E average x g SIEER
average z
[ 101 g o
L | stalisical crterim

IV check noray area
1 |7 beam [ weiohted beam DoRaster
¥ cuvedray 7 force ket
e o [ use 2Dt start tomography
$35H

ORTTOM ¥ show result
1678 firal modet s3starth

1657

totdlat 002281677 ] 40 50 2] m a0 ]
0717769
e Eidenfcalpations, 1009

1816

time [ms]

1935
2054
2m

Example of a refraction tomographic inversion - the original data are
calculated from a 3-layer model with vIi=300 m/s, v2=800 m/s and v3=1500
m/s. The result of the tomography is shown in the upper panel - the original
layerboundaries are overlaid. The lower panel shows the original traveltimes
in comparison to the calculated traveltimes based on the tomograhic result.
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3D data-interpretation

13

The module 3D data-interpretation allows the interpretation of 3-dimensional data by displaying x-, y- or z-slices.

The module is useful for the following applications:

— GPR (Ground penetratlng radar)
— reflection seismics

8 Ratlaxw - I0-dataintarpratation

Eilr  Global Flol  Anakess  Help  Ext

ﬁ] & @lm|  jrunes 'v'-l.inas| Sices| Options Fndm Seroll |

DABEFLERVDEMOH ohdatatlnsimig DT 210 lines oo [ o 1000 wilh 50 G
. = 05 . e = v e == = = 2 = =
= ={= = - = =
- — ™ === E A E
S - = = = =
S T = - T ==
= - c-
s = %
F E =~ = e
= =
= - == = =
== - = == =
=
= -= ¥ ¥ = » == =
= = o = - = — _ | =
= == == ;; - =
= = = - = =
o = = —

2 374099
v 2.22609

Two different display options are available.

Using the option "windows' (see figure on the top)
the slices are displayed in manually scalable
windows. The step and smoothing rate may be freely
chosen.

Using the option "scroll" (see figure on the right)
you may continuously move through the 3D-cube
either in x-, y- or z-direction using the track bar.
Again the step and smoothing rate is freely
choosable. Optionally the actual timeslice (based on
the envelope data) depending on the mouse position
is shown in a second window. The actual cursor
position is marked by a cross within the timeslice.

FRagtenncrement (2

™ Reflexw - 3D-dataintespretation

File Global Yiew Plot Help

£ 3
..;W & E& ﬂ - Cuts) s sicss | | mptons indows]] seul 30- wal processing B e

free, uy dmumm lotscale actPaleite  WIRAGH ConE Irsmt by—‘

umk I showname 1331 EB\ueErayHed it 2

REBART__DAT: SE hnes hum o 1,74 with 0,02 METER // 2.file: REBART__.DAT

Analyse Exit

The 3D-data may be easily constructed from
equidistant or non-equidistant 2D-lines either
during the import or in a later stage.
Equidistant: only the distance between each
line must be entered. An interpolation filter
allows a resampling of the data in the
direction of each line if the number of traces
differ in each 2D-line. The new Scan3D tool
allows to automatically analyse parallel and
crossing lines (see overnext page).
Nonequidistant: The lines may be arbitrarily
orientated. The spatial interpolation ranges
can be determined freely.

The data are completely loaded into the RAM
of the computer whereby a fast visualization
of the data is possible.

A second 3D-data file can be viewed in
addition for a direct comparison.

The module also allows to load several (up
to 25) different 2D-files in order to display
them within the different modes. The scale of
the different 2D-files can vary.

Tays
] Gafis

S[zall v
[ Dptions Menu

Wstat  [0.01
WEnd  [UE3

TimeStart: |-0.050553
TimeEnd: |5.120543
Yotart

YEnd: 1.74

StepRate |1 2] 002
smoothing [T_2] 0.02
Plot

=

I~ sharpen edges

[ show Tmesics in add,

TIVE [rs]

0o

0.1

DISTANCE METER] #DISTANCE METER]
0.2 0.3 04 05 0.6 o 0.1 0.2 03 0.4 05 05

—

T o - -

\-DISTANCE WETER]

|' ﬁ sctual y-line 2t 0,08000
al+lmlsel

A MPEG moviefile for the later use with a MPEG-player may be easily
constructed for the scroll and the 3DCube (see next page) mode.

In addition you may construct single timeslices (C-scans) from different
2D-lines originating all from one acquisition plane. The profiles can be
arbitrarily orientated. Alternatively, data with different geometries sorted

“YRasterincremant | . . i .

P [T — after midpoint-coordinates may be also used for the calculation of the
\itorpoletion: - “J'u’"‘.';'" :”E”,'"H 0 timeslices. The spatial interpolation ranges can be freely determined. The
e e o _.,—_. tlme.sh'c‘e.ls considered as a simple section - all processing and display
inebogn o ||E = possibilities can be applied on.

time end: |:U g a

nurmber of slices: |1u l£ o - - - = * . .

soring. [laheader coordinstes = s - g = = 3D-pICklng

summing. [absoluie empliude =] - ControlFanal

S flonemo spact: [nomeicesro = 3D-Picking may be done within the individual 2D-cuts (scroll or windows
fepeh [prociorn 5] flo urbor: [fo— mode) or within the 3D-datacube display. You have the choice between

| RS ;|~ p— | - | — _| manual pipking and continuous pick.
.|

The 3D-pick surfaces may also be included within the 3D-cube (see next
page).
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3D data-interpretation

3D cube-display

The 3D-data can also be displayed within a 3D-cube. The program supports an interactive rotation of the 3D cube. The data
can be viewed from any direction and can be zoomed. The 3 axis may be freely labelled.

You may select if only the front or back planes of the datacube are displayed or the full 3D-data volume. In addition you
only may select single cuts and scroll through the cube in one distinct direction.

With the options front or back activated only the front or back
planes of the datacube are displayed. In addition you may select a
distinct cornerpoint which serves as the starting point for a cutting
out of the cube (see picture on the left).

% . - -
Bl & s N NL e 2 ~  With the option single
o :&\ " A W activated you may select
Nk ‘K— o e e o any combination of x-, y-
TN - o - . >
s {% -:::“:Q: ?F"-:‘ = = = and z-cuts (see picture on
;:\3‘} 3 |wagl ...":’;- ,-,.-: - the right).
NN TE e = . .
s o L With the option scroll
N —-gé == activated it is possible to
X S e et e continuously move
§> through the 3D-cube

either in x-, y- or z-

direction using the track
bar. The step rate is freely choosable. It is possible to plot a “background”
consisting of any combination of x-, y- and z-cuts in addition.

With the option full activated all data of the 3D-cube are displayed. Shading and
hiding are supported.Not visible parts of profiles are covered. However there is
the possibility to "look through” certain parts of the 3D-data volume, whose
amplitude values are smaller than the given threshold value.

LTI

With the option

| shading activated
| 08 & x| s3] e o Frd) ' . o . . .
> %] o [ [a [0 F S P P T | aspecial shading algorithm is used in addition (see picture
O SoouTAoT. ol mﬂ.,dﬁ" net et SRCGEE ] ) (he left).

Jt
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200

The picked surfaces may also be included within the 3D-
datacube (see figure on the right).

5
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i

The program Reflex 3D-Scan (included within the 3D-datainterpretation module and also available as a standalone
program) allows to import and to analyse automatically rectangular 3-
dimensional GPR-data which have been acquired along 2D-parallel lines in one

. . . 12

or two perpendicular directions. hy
1.0

Precondition is that the data have been acquired along equidistant parallel 2D- 0.9
lines on a regular rectangular grid. This means that the traceincrement in one & g?
direction (x or y), the number of traces into this direction, the start- and b ooe
endpositions of the 2D-lines and the scan increment between the 2D-lines must = 05
be equal. In addition if the data have been acquired in two perpendicular D4
directions (see right picture) the increment between the parallel lines (scan gg
increment) must equal the traceincrement. 01
If these preconditions are satisfied the 3D-scan program allows a very fast 00

interpretation of your 3D-data. 0007102030405 0607080910112

X [METER)]

Different dataformats are supported (see picture on the

I Reflex 3D-GPR_Scan

=lol x|

?‘mﬁr}?'&f] ) S -Fl’fcesmﬂu . e left). The original data may be stored on individual 2D-
1 ale 2 ¥ process x-and y-scans independently . : :

 helr (Ltsi)  ct(IDS) [ addxv-scans by choosing the max, abs. value files or on one 3D_ﬁle Wlth the 2D_hnes Sequentlauy
¢ ol (PulseEkko) & sg2 (SEG2) [ huild e-scans from the xy-scans choosing the envelope Stored. Wlth ZD-fileS acquired an automatic

rDataAcquisition Type
" only parallel x-scans
©~ only parallel y-scans

[ dewow

interpolation filter allows a resampling of the data in the
direction of each line if the number of traces slightly

v static carrection ( read starttime

@ automatic

® parallel x-and parallel y-scans
" parallel x-scans with 2 diff. polarizations

differ in each 2D-line.

[humber of scans and traces  al
tacespersscan  [35 2 L e e b -— Optionally some filter steps are automatically
taces peryscon  [8 2 performed. They are: dewow, static correction,

[ migration

2D (@ 3D

background removal, migration (2D and 3D) and gain in
timedirection.

number of x-scans a5

4

numberofy-scans |35 S ‘ ™ yain exp.damping [db/m] |20 ‘ !
ccanioremen oz | I The processing of the x- and y-scans may be done
~ConttolBox—— . .
welocity[mjnsl  [0.12 independently and the c-scans also may be built
filename: file1 . . ..
fequency [MHz]  [1500 independently choosing the envelope of the original
Stant3DScan exit 30-Scan 7 about | data'

Within the 3D-GPR
ScanView menu which
opens after all sorting and
processing steps have been

{2 Reflex 3D-GPR_Scan View

#-DISTANCE [METER
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0.0

Ele Global iew FPlot Help Analyse Esit
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The module forward modelling/tomography allows the calculation of the complete electromagnetic or seismic
wavefield for a 2-dimensional subsurface model. In addition a 2- and 3-dimensional tomographic approach based on
SIRT (simultaneous iterative reconstruction technique) is integrated for the inversion of transmission traveltime data.

The module is useful for the following applications:

™ model generation/modelling
File Edit Global “iew Plot Help Exit

GPR (Ground penetrating radar)
reflection seismics
refraction seismics
borehole/borehole transmission

forward modelling

The module forward modelling
allows the calculation of the
complete electromagnetic or seismic
wavefield for a 2-dimensional
subsurface model. You may
interactively edit any layer boundary
and some predefined elements (e.g.
circle or rectangle). The physical
parameters may vary along the
boundary whereby lateral changes
are easily defined. The parameters
are entered within a table which also
may be used for entering the
boundary values (see right figure
below).

The forward modelling is done using
a Finite Difference scheme solving
the Maxwell equations (elastic wave
equation, respectively). 3 different

| I!A_ Iayel . ) =min: (0 zmin: [-0.25
. r i+ laper i setpoint % choose laper g
S |1 A] wma: |5
0O By X cicle ¢ change p. " editlayer = j4
lﬁ Tomol e | " rectangle || ¢ remove p. Ielectromagnetic j IGF‘F!MDD
edit actual layer | tat ver mnvel amoLnt extrapnlatel add topag |||_ topography
1 iEmovel € averane e move For e | hat, harmave] [0 remove top |
distance [m] = | FDGroupBo: output p
1] 1 2 3 4 [input parameters || autput type:
Dreltas: IU,U4 Ising\e line j
0
DeltaT: IU,D?S SEUTEE 1]
{:} frequencyMHZ] [100 SHUIGEIE il
Thlax: |1 i1 1ec ¥ start: 0
1 o
boundary conditions: rec ¥ end: [
lin. absorbing-range vl
— rec Z stark: il
3 :
£ 5 exploding reflector vl rec z end: 1]
o
b excitation  reaistration wz-sealing: 1
CEx [ EX
~ EY ~ EY time sealing: |1
5 [ EZ [ EZ
m T He [ H= _ )
I Hy I~ Hr calc. critical values——
[~ HZ I~ HZ delta crit.: 004192628
- o (s e deltaT cnt.: 007305634
u v StaitFD I DloR aster | dt: 007542 for dx 0,04

sources are implemented: point-

source, plane wave and exploding

CMO_LIM.OLT

DISTANCE [HETER]
2 3

DEMO_LIN.OZT

TIME [NSEC]

2 3685738 1521706 |10 1 01
3 3.742604 1488 10 1 01
4 3831097 1321706 10 1 01
1] 3942604 1.26483 10 1 01
& 40625 12453 1o 1 01
10 7 4066211 124513 10 1 01

Synthetic radargrams for different source types. Upper panel left:
Exploding Reflector Model, upper panel right: plane wave, lower panel
left: point-source (gain-function in time-direction applied), lower panel
right: Exploding Reflector Model with transmitter and receiver in the air

HE B

input of model parameters

update
impart [#.z)

™ EditGradients
I | fiequdepend

il Dati o loper |0 |
|epsi\on | ﬂ

z[m]

1645313

|mue |sigma

01

=l

reflector model. Using the point source you
may model the wave propagation from any
point in the model (e.g. a transmitter at the
surface). The exploding reflector model
allows the modelling of a complete zero
offset section in only one step. The
complete wavefield or a single line is
stored. The complete wavefield may be
interpreted within the 3D-
datainterpretation, the single line may be
processed and interpreted like any 2D-data
line.
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snapshot sequence for a point source - 25 snapshots

between 0 and 50 nsec are shown

synthetic example of the tomography
1 meter grid increment

100*100 grid points

50 shot points at the left border

100 receiver points at the right border

upper left panel: original model (cavity
embedded into a homogeneous layer)

upper right panel: starting model -
homogeneous with a velocity higher th

iteration steps

in the original model

lower left panel: end model after 10

example for the 2-dimensional tomography

tomography

A 2- and 3-dimensional tomographic approach based on SIRT (simultaneous iterative reconstruction technique) may be
used for the inversion of transmission traveltime data. The geometries of the individual sources and receivers are

arbitrarily.

The figure at the upper right corner shows a synthetic example.
The starting model is interactively constructed and may contain any kind of inhomogeneities. The geometry of the rays
may be loaded into the starting model (see figure below). Either straight rays or curved rays are used for the ray-tracing
contained in the SIRT-algorithm. For the curved rays a finite difference approximation of the eikonal equation is used (see
also refraction traveltime analysis). The 3D-tomography is restricted to straight rays.

P model generation/modelling =] E3
File Edit Global ¥iew PElot Analyse Help Exit
= 1 layer nir. xmin: o zmin: [0 " x 89,677
| Ok 19| O ol | & layer " set point & choose layer|  wmae I it z: h0.276
[E,J T = 100 EMEX 100 reference level: .
=  circle  changep.  © editlayer i : A
FD ITDmo ray e " rectangle | © remaowve p. ITOMO Iseismic(elastic) j I I
edit actual laye tot. wer.move | amount extrapolate|addtopog. ™ topoaraphy (r:avu?ﬂl'm.e:;—
e e e — ID i xproje
€ sverage C hormove | S aEmave JEIEER Rl fill | " z-project
distance [m] ﬂ —T_DmographyGrouchM q
0 10 20 30 0 50 0 70 80 a) input parameter 3DTomography—
space increment: 0 ™ 3D-tomography
max. iterations 10 wrin: |0
rna tirme: 1000 wmax |
threshaold: 0.001 ShowRays
modelchange A 1 [~ colored
modelchange B: 01 n.ray: |3U
_ convergence search: |5 minyvel (24219
£
E max.def.change (%) |50 maxwvel [2500.1
E;." def datawvariance:  |0.07
—ContralPanel
e, beam width: 10

IV statistical criterium
IV check no ray area
™ heam [ weighted haam

load deta | TOMOLTOM
Itest

final model:

A

check rays

DoRaster

start tomogragphy
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borehole data processing and interpretation

. ™ Reflexw - 2D-dataanalysis [-[o]=]
REFLEXW aHOWS to dlsplay File Global Plot ‘iew Processing &nalysiz Help  Exit

and process GPR-or seismic ZLD'C £ | @|+| >3] 12| 4 ek = o] AT T
borehole transmission and plotscale: [0.002 | &] actPalette |Giayt - code:1
reflection data but there does not [ phase follower 77 < set [ symeiCtk code [1 | load | ieset | sot | gotanine conted | interpoete| 4
exist a special module for these & corkinuous pick ks Hl it | save | seepicks] ETTE mmkamckslr+all
data. The figure at the right 1. DAREFLEXKS 1\ procdata\yPOOO0DD.02T 7 iaces, 150 / samples: 3368 -
shows an example of a borehole TIME [NSEC] 3
GPR-reflection measurement 0 1000 2000 3000

(data from Kali+Salz, Kassel, ’ R

Germany). There are many e

100 —

different kinds of displaying the
equidistant or non equidistant

profiles in the point and wiggle a Ho)
mode with zoom- and moving
possibilities, manual and
automatic scaling. All the
features available in the modules
data-analysis and data-
interpretation may be used for the
processing and the interpretation ¥
of the borehole data. Distinct 0 e = =
elements may be picked,
processed and compared to other
borehole data. It is possible to
extract all available signal
informations like traveltime, B = A v ~
amplitude, energy or nominal e ?

frequency. ]

300 i

400 ]

500

DEPTH METER]

700

800 3 Ve eair

A 2-dimensional tomographic approach based on SIRT (simultaneous iterative reconstruction technique) may be used
for the inversion of transmission traveltime data (see also forward modelling/tomography).

examples of applications

The program REFLEXW has a modular character, whereby you may concentrate on those modules which are relevant for
your application. In the following we give you a short overview of some possible modular assembles for different
applications.

GROUND PENETRATING RADAR (GPR)

analysis of 2D-lines: 2D data-analysis

analysis and interpretation of 3D-data: 2D data-analysis, 3D data-interpretation, forward modelling
borehole data: 2D data-analysis, tomography

REFLECTION SEISMICS

analysis of 2D-lines: 2D data-analysis, CMP-dataprocessing

analysis and interpretation of 3D-data: 2D data-analysis, CMP-dataprocessing, 3D data-interpretation
borehole data: 2D data-analysis, tomography

REFRACTION SEISMICS

analysis of 2D-shots: 2D data-analysis, refraction traveltime analysis
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