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Abstract:

This paper introduces a methodology to do a two-dimensional (2D) seismic forward modeling in a computer environ-
ment, process and image its synthetic data, and compare the final image to the input model to evaluate the imaging
results. Also it discusses the importance of the pre-survey modeling for seismic data acquisition.

After a geological model was constructed, a finite difference modeling was successfully performed on the model.
The obtained data was processed, and a final image was produced using a pre-stack depth migration. When the
input model is compared to the pre-stack depth imaged result, an excellent match is obtained between the two which
proved the accuracy of the methodology.

The maximum frequency of the data was 50 Hz. Final image was evaluated with respect to different maximum
migration frequency. When the migration maximum frequency was lower than the optimum frequency, the image
quality deteriorated, the image got fuzzier, the sections of the model with thin layers did not focus well. When
the maximum frequency was too high, the final image began losing its quality again, some numerical noise was
introduced, the background noise on the image was increased substantially creating artifacts on the image. These
imaging tests indicated that the image quality depends on the frequency content. Determining and selecting correct
imaging frequency is essential for accurate subsurface illumination.

The paper also shows that the synthetic data is useful to test different processing steps, algorithms and software(s).
It could also be used for training.

Two acquisition geometries were simulated on the model, a surface seismic profile (SSP) and a vertical seismic
profile (VSP). P-wave modes were generated only. Relationship between the surface seismic and the vertical se-
ismic was discussed, and also shown how to use both data sets to tie each other for interpreting the surface seismic
reflections. However only the surface seismic data was further processed and imaged and evaluated for seismic data
acquisition parameters. It should be mentioned and noted that the parameter selection gets a lot more important and
complicated for 3D seismic survey designs since the survey size is bigger and it gets more expensive to re-evaluate
and re-select the wrong parameters used in 3D surveys.

Keywords: Seismic Model Building, Modeling, Synthetic Data Generation, Seismic Data Processing, Migration,
Imaging, Survey Optimization

Ozet

Jeolojik olarak ¢6ziimlenmesi zor olan bolgelerde sismik ¢aligmasi ve arastirmasi yapmak ya da sismik veri toplamak
oldukga riskli bir istir. Arazide karsilasilabilecek zorluklar, jeolojik modellerin dogrulugu, bélgedeki tabakalarin
sismik 6zellikleri gibi parametreler toplanacak sismik verilerin yeterliligine ve veri kalitesine etki edecektir. Araziye
gitmeden dnce ne tiir bir sismik ¢alismasi yapilacagina, uygulanacak veri toplama ve tasarim modellerinin segimine,
sismik veri-toplamada ne tiir parametrelerin kullanilacagina araziye gitmeden 6nce karar vermek gerekir, bu karar
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verme islemi de bir matematiksel modelleme yardimiyla olmalidir. Tasarlanan sismik dizaynin 6ngériilen jeolojik
modeli goriintiileyebilmesinin miimkiin olup olmayacaginin araziye gitmeden once kestirilmesi gerekmektedir. Ogleki
tasarlanan sismik tasarim beklenen jeolojik goriintiiyli vermeyebilir veya gereginden fazla detayli oldugu igin ¢ok
masrafli olabilir. Bu belirsizlikleri ortadan kaldirabilmek igin arazi 6ncesi sismik modelleme galigmasi yapilmasi
gereklidir ve bu islem kuvvetlice tavsiye edilir. Arazide elde edilebilecek sismik veriler bilgisayar ortaminda iiretilerek
nasil bir jeofizik verisi elde edilebilecegi goriilebilir. Bu sentetik sismik veriler sismik veri-islemden gecirildikten
sonra elde edilen goriintiiler incelenerek arazi sonuglarinin nasil olabilecegi hakkinda bir fikir elde edilebilir.

Bu ¢alismada bu tiir sismik modelleme ve goriintiileme ¢aligmasinin bir 6rnegini gosterilmistir. Bir sismik model
olusturulmus, bu jeolojiksel model bilgisayarda dijitize edilmis (sayisallastirilmis), sismik hizlar ve yogunluklar
tabakalara verilerek bir jeofiziksel sismik model yarabilmistir. Yiizey Sismik Profili ve Diisey Sismik Profili model
tizerinde tasarlanmistir. Akustik Sonlu Farklilik Modelleme (Acoustic Finite Difference Modeling) teknigi kulla-
nilarak sentetik sismik veriler 31 kaynak lokasyonunda kaydedilmistir. Kaynak mesafesi 100 m. olarak segilmistir.
Sismik modelde yatay profil 3000 m. olup derinlik 1200 m. dir. Kullanilan sismik sinyalin hakim frekans1 25 Hz. dir.

Bu calismada elde edilen tatmin edici sonuglar, uygulanan yéntemin dogru ve gegerli oldugunu géstermis, ayni za-
manda bize bir¢ok konuda bilgi ve 6greti vermistir. Secilen modele gore, araziden beklenen sismik verinin frekans
icerigi sismik goriintiileme (migrasyon) igin 6nemli bir parametredir. Ince tabakalarin gériintiilenmesi icin yiiksek
frekanslara ihtiya¢ duyulur. Eger yiiksek frekanslar miimkiin degilse goriintiilenebilecek tabaka detaylari sinirli
olacaktir. Bu kavramin agiklanmasi igin, goriintii kalitesinin maksimum migrasyon frekansina gére degisimi de
incelenmistir. Diisiik frekanslarin goriintti kalitesini diistirdiigii, goriintii detaylarinin kaybolmasina neden oldugu
migrasyon sonuglarinda goriilmiistiir. Gereginden fazla olan yiiksek frekanslarin iglenmesinin goriintii kirliligine
neden oldugu, sayisal giiriiltii yaratarak sismik goriintii kalitesini diisiirdiigii gézlemlenmistir. Sismik kaynak istas-
yonlarinin ve sismik alictlarin (jeofon, hidrofon) aralik mesafesi dogrudan sismik arazi masraflarini etkilediginden
optimum Ornekleme aralik mesafeleri de sismik goriintii kalitesine gore irdelenmelidir. Sismik kaynak ve alict
adedini degistirerek bu tiir bir irdeleme modelleme yardimiyla kolaylikla yapilabilir ve siddetle de tavsiyede edilir.

Sentetik sismik veriler veri-islem semalarinin (data processing flows) kurulmasinda, dogru ve gegerli veri-islem
parametrelerinin se¢im ve testlerinde kullanilabilirligi agisindan da oldukga yarayish ve kullanighdir. Ayrica teknik
personelin egitiminde de bu tiir veriler efektif olarak kullanilabilir.

Bu galismada sunulan modelleme isleminin ve islem prosediiriiniin diger ¢alismalarda da kullanilmasi 6nemle
tavsiye ediyoruz.

Anahtar Kelimeler: Sismik, Model Kurma, Modelleme, Veri Islem, Migrasyon, Sismik Gortntiileme

WHY DO THIS, WHAT TO DO WITH THIS,
FURTHER DETAILS

scenario is to go back and shoot the survey again
after the survey is finished. Or a wrong parameter
selection would cause sacrifice in the quality of the
seismic data. In order to avoid such undesired cir-
cumstances, a pre-survey seismic modeling should
be performed before going to the field. It is shown
here in this exercise that Acoustic Finite Difference
Seismic Modeling (AFDM) technique is a quick,
useful and powerful tool to do pre-survey seismic
modeling to answer some of the questions and to
remedy some of the concerns mentioned above.

In a geophysical exploration, it is a big concern
and a risky decision to make to go a field and acquire
seismic data over a geologically difficult, challeng-
ing an unknown area. Before going to the field, it
would be wise to have some answers for questions
such as a) how the seismic data would look like
from this area, what is the quality factor of this seis-
mic data going to be after the acquisition, b) what is
a suitable, efficient and cost effective seismic survey

design would be for this survey, ¢) how is the image
from the data of this area would look like, d) would
the seismic data contain enough information from
this area to characterize the area of interest, and so
on. These are all difficult also vital questions and
concerns which demand right answers. Each extra
step in the survey would cause delay in the project
which in turn would add extra cost to the budget
if the survey is not done correctly. A worst case

We have in this paper that we are able to

a) digitize a geological cross section, and con-
struct a geological model from it,

b) assign seismic properties to the model,

¢) plan and design a seismic survey that is suit-
able for the model,
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d) produce synthetic seismic data sets using
AFDM method on the model for surface seismic
profile (SSP) as well as vertical seismic profile
(VSP) geometries,

e) process the synthetic seismic data,

) produce top quality and accurate seismic im-
ages from the pre-processed data using a pre-stack
depth migration technique,

g) evaluate the seismic images with respect to
different imaging parameters (such as maximum
migration frequency, receiver and source intervals).
And present the results of the modeling project in
a completed report.

The synthetic data sets were generated on the
constructed seismic model by acoustic finite differ-
ence modeling (AFDM) method. The modeling and
imaging steps and works were done using Seismic
UNIX (SU) processing package, FreeUSP process-
ing package and some pro-priority software. The
data processing were carried out in Linux Work-
stations. The model picks were obtained from the
SU library, the model was rebuilt for this project.
Other desired models can also be built with great
accuracy with some efforts after digitizing the layer
boundaries of the models.

INTRODUCTION

Seismic forward modeling is a method which
transforms a geological section into a mathemati-
cal response by creating synthetic seismograms by
using geological properties of velocity and density
of the layers in the section. In the technique, the
impedance response (product of density and veloc-
ity) variations and the depths of layers are converted
to seismic record times and reflection amplitudes.
These are all done in the computers before going
to field or before data acquisition.

The modeling technique is a powerful tool and
widely used for seismic survey analysis, it is usually
done before the survey to aid in planning the seismic
survey. In many cases, the modeling is also done
after the field data is collected to help and facilitate
interpretation of the acquired data. The reflections
of the field data and the geologic interfaces are
correlated to verify depths of layers and expected
amplitudes with the help of the modeling.

In general there are two types of modeling tech-
niques, one is ray technique which is based on ray
tracing, and the other is wave technique which
uses wave theory. The finite differencing modeling
method which is used in this exercise is a wave
technique where the wave equation is solved us-
ing a finite differencing approach. The modeling
algorithm used in this exercise uses second order
solution to both time and space components.

The modeling and imaging technique has been
widely used in seismic exploration for optimum
survey design and also for selecting optimum survey
parameters. Many papers have been published in
the geophysical community, such as Hornby et.al.
2006, Regone, 2006, Erdemir et.al. 2013, Anderson
et.al, 2015, and others for seismic survey designs
and their image responses.

Theory of the wave equation and solution to
it using differencing approximations have been
studied extensively. One analysis can be found in
Crews Research Paper by Carrie et.al. 1999.

In our modeling, a velocity model was con-
structed where the velocity varied vertically and
horizontally, V(X, z), the density model was ignored
where a constant density was used everywhere in
the model. Absorbing boundary conditions were
applied in the modeling, where reflections from all
sides of the model were suppressed, so surface mul-
tiples were not allowed in the data. Thirty-one (31)
shot locations were used with 100 m. shot intervals
covering a 3000 m. horizontal span on the model.

Both a surface seismic array and a vertical seis-
mic profiling array were located on the model, both
data sets were created simultaneously. Both data
sets were evaluated, and their relationships to each
other studied. However, only the surface seismic
data was further processed for imaging. The im-
aging was done using a pre-stack depth migration
algorithm.

A pre-stack finite difference migration was used
to migrate and image the synthetic surface seismic
data. The final image is compared with the initial
(or input) velocity model for accuracy. The com-
parison shows excellent match between the model
and the image.

MODEL BUILDING AND SURVEY
LAYOUTS

Two seismic models were built and used for this
exercise, a density model and a velocity model. The
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digitized picks were done earlier and were provided
to us for this work. The density model was ignored
for the time being by assigning a constant density
value in the model. The velocity model of four lay-
ers were assigned different velocities to each layer,
Figure 1 shows the velocity model. The model is
3150 m wide and 1200 m deep. The grids are 5 by
5 m in horizontal and vertical directions (dx =dz =
5m), the model size is 630 x 240 grids. Maximum
velocity is 5000 m/s and minimum is 2000 m/s in
the model.

Two types of surveys were planned in the
modeling, a surface seismic profile, and a vertical
seismic profile (VSP) configurations. The VSP
borehole was placed at 1000 m. location from the
left of the model. Figure 2 shows a schematic for
the surface seismic layout, while the VSP layout is
shown in Figure 3. In the Figures the rays are shown
as straight rays for display purposes only. Fully
bending rays/waves were used in the programs.
The same sources were used for the data generation.
The seismic data sets were generated and recorded
simultaneously on both profiles.

ve1l

Figure 1. Velocity model is built after digitizing a geological cross section. Velocities and densities are assigned

to the gridded model.

Sekil 1. Sismik hiz modeli. Jeolojik model bilgisayarda sayisal (dijital) hale getirilmis ve sismik hizlar modele

yerlestirilmistir

FINITE DIFFERENCE MODELING AND
SYNTHETIC SEISMIC DATA GENERATION

The synthetic acoustic seismic data was gener-
ated using a second order finite difference solution
to acoustic wave equation. A set of 31 sources were
used for data generation with a source spacing of
100 m. The sources were located at 10 m. depth for
numerical coupling. The receivers were at the grids
and of 5 m. receiver spacing.

The software is versatile, different source and
receiver spacing could be used at user’s will.

Time sampling interval was 0.5 msec. It was
later resampled to 2.0 msec. for processing the
data. Record length was 2.0 sec. Source maximum
frequency was 50 Hz. which yielded a peak signal
frequency of 25 Hz.

Three shot gathers from surface seismic layout
are shown in Figure 4. Also a single shot gather from
the vertical seismic array is shown in Figure 5. The
VSP gather is from the source near the borehole,
source offset is 200 m.

Surface seismic shot gathers from all 31 shots
are shown in Figure 6 in a combined format. All
VSP shot gathers are shown in Figure 7. Combined
such presentations are useful to check and control
all shots at once all together, any outliers could
be identified quickly on these plots if there is any.
From Figure 6 and Figure 7, we see that the gathers
behaved well. All gathers are in expected time and
distance limits, nothing unusual is recognized here.
This is an important quality control (QC) step since
it builds confidence in the modeling procedure, also
the data and the geometry are controlled early on in
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the project before proceeding to the next step in the
project. A sample subset of the source waveforms
used in the modeling are shown in Figure 8. Five
waveforms from five source locations are shown in
the figure to see the repeatability of the waveforms,
and they all look good. There were 31 shot loca-
tions so there are 31 source waveforms. Different
source wavelets could be used in the modeling
program, such as zero-phase, minimum phase, pres-
sure source, explosion source wavelets. A default
wavelet is used here.
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SPECTRAL ANALYSIS OF DATA

Spectral analysis of data is done by means of
Fourier transformation of data. In Figure 9 are
shown a common shot gather from source S, and
its corresponding F-X plot. The F-X means that
each trace in the plot is Fourier transformed and its
amplitude is plotted individually, the vertical axis is
frequency and the horizontal axis is trace number
or horizontal distance. The green color in F-X plot
shows higher amplitudes which correspond to high
amplitude sections of the data close to the source.

o

AngoraGeo

@ Surface receivers g? Seismic source 9

Figure 2. Surface seismic array configuration. Source and receivers are at the surface. . Straight rays are shown
here for display purposes, fully bending rays are used in the programs.

Sekil 2. Yiizey sismik agilimi konfigiirasyonu. Kaynaklar ve alicilar yiizeydedir. Biikiilmeyen sismik 1sinlar
kavrami gostermek i¢in kullanilmistir. Simiilasyonda tamamen biikiilen sismik 1gimlar kullanilmigtir.
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Figure 3. Vertical seismic profile (VSP) configuration, Source is at the surface, receivers are in a borehole.
Straight rays are shown here for display purposes, fully bending rays are used in the programs.

Sekil 3. Diisey sismik profili (VSP) konfigiirasyonu; sismik kaynak yiizeyde, sismik alicilar kuyuda bulun-
maktadir. Konsepti géstermek amaciyla resimde diizgiin sismik 1gilar kullanilmigtir. Modelleme programinda
biikiilen 1sinlar kullanilmaktadir.

xsects.02.5u

Figure 4. Sample three (3) sample shot gathers from surface seismic receivers, where source location is dif-
ferent for each shot case.

Sekil 4. Yiizey sismik seriminden elde edilen ti¢ (3) sismik kesit verileri 6rnek olarak sunulmustur. Burada
alicilar yerlerinde sabit olup sismik kaynak yer degistirmektedir.
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Figure 5. A single VSP shot gather. The source to VSP well offset is 200m.
Sekil 5. VSP verisi tek kaynakdan. Kaynagin VSP kuyusundan uzakligi 200m
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Figure 6. All 31 shots from the surface array are shown in a combined format. Seeing all shots in one figure
is a good way for quality control of a survey geometry. Any outliers should be identified easily on this plot.
Sekil 6. Yiizey agilimindan elde edilen 31 sismik kesit birlikte gosterilmistir. Bu tiir gésterim sismik dizayni
anlamak ve kontrol etme agisindan oldukga gegerli bir yontemdir. Hatali olan kayit hemen fark edilebilir.
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Figure 7. All 31 shots from the VSP array are shown in a combined format. Seeing all shots in one figure is a
good way to QC the survey geometry. Any outliers or mistakes in the survey design should be detected easily.
Sekil 7. VSP agilimindan elde edilen 31 sismik kesit birlikte gosterilmistir. Bu tiir gésterim sismik dizayni
anlamak ve hatali olan1 gérmek bulmak agisindan oldukga gecerli bir yontemdir.

The amplitudes on the F-X plot die out gradually
after 50 Hz. This is exactly what was expected in
the modeling, the maximum frequency was set to
50 Hz on the modeling software. Spectral analysis
proved that the modeling was in good order. An
average amplitude plot is shown in Figure 10, where
the dominant frequency is seen about 25 Hz.

0.2

0.4

Figure 8. Source waveforms used in the finite difference
modeling (FDM) program. Variety of waveforms could be
chosen in the program. See the text for the source wave-
form types. A default waveform is used in the modeling.
Sekil 8. Sismik modellemede kullanilan sismik sinyaller.
Modelleme programda degisik sinyaller de kullanilabilir.

DATA ANALYSIS, EVENT
IDENTIFICATION, AND DEPTH
CONTROL OF REFLECTIONS

In this section, the shot gathers are examined
more in detail to understand and analyze the seismic
events on the gather. One shot gather (S, ) from
the surface seismic profile is shown in Figure 11.
This is a split spread type gather, source is near
the middle of the receiver spread. First breaks are
the clearly seen events in the gather, they arrive
first from the source to the receivers, they have the
strongest amplitudes, and they are indicated in the
figure with arrows. The slope of the first arrivals
should yield information about the velocity of the
near surface, and the change in amplitudes with
distance should produce near surface attenuation
information.

Some other events are indicated with other ar-
rows, they are determined as reflections. They
all include information about the sub-surface, a
geophysicist’s duty here is first figure out what
those seismic events are, where they are originated
from, and what depths the reflectors are located
at, in other words one should answer what those
seismic events mean geologically, and to convert
those seismic events to some meaningful geologi-
cal information.

In addition to surface seismic array, a single
offset VSP shot gather is displayed in Figure 12.
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The gather is from a zero-offset VSP shots where the
source offset is near the VSP borehole at the surface.
The propagating wave field is recorded directly in
the well below the source at this geometry. The VSP
gives geophysicist some advantages as to directly
observe and measure how the wave field changes
with depth. Itis a direct observation to see how the
source waveform deforms with depth. Measurement
of attenuation from the waveforms is performed
often in seismic surveys, also the interval velocities
are calculated directly from the first break travel
times. The VSP is little unusual record which is
quite different than the conventional seismic. Since
in VSP the receivers are placed in the well or the
borehole, the VSP shot gathers need special skills
to understand and interpret its data. Some of the
major events of Figure 12 are identified in the figure,
where the vertical axis is time and the horizontal
axis is depth or the receiver number.

How to process and interpret VSP data sets
should be explained and presented later in a special

section of a different project. For now a comparison
of surface seismic and VSP shot gathers is shown
here in Figure 13. The reflections of surface shot
gather are tied to reflections on the VSP gather
via dashed arrows, the ties are done in travel time
domains where both vertical axis are time. Notice
the ties are done with high accuracy here. In a field
work, if the 2D seismic line is close enough to the
VSP borehole, the travel times should tie almost
perfectly as it is done here. As the surface line is
farther away from the borehole, the matching and
tying get little tricky, expert opinions are recom-
mended then. Once the reflections are identified
on the VSP gather, the reflector depth locations
are determined from the first breaks. The yellow
circles and the yellow arrows in Figure 13 directly
read the depths of the reflectors on the horizontal
axis of the VSP data. This is a powerful and easy
to use analogy, it is a commonly used technique in
exploration seismic.

: xtmp.si.resdms.Bosu

50Hz

xtap, 51 rosdns. Frx.ou

Figure 9. Raw shot gather (left) and its F-X frequency spectrum (right). Energy is seen up to 50 Hz. Notice
the amplitude decay from trace to trace is clearly seen on both data plots.

Sekil 9. S1 kaynagindan elde edilen toplam ham veri (solda). Verinin F-X frekans spektrumu (sagda). Spektrum-
da 50 Hz.e kadar enerji goriilmektedir. Veri-islem igin sismik veriler 6nce 2 ms sonra 4 ms de 6rneklenmistir.
Sismik iz mesafesine bagli genlik sonmesi her iki sekilde de gériilmektedir.
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Figure 10. Amplitude spectrum of the raw data. The spectrum shows energy up to 50 Hz. with dominant

frequency of about 25Hz.

Sekil 10. islenmemis verinin genlik spektrumu. Spektrumda 50 Hz e kadar enerji oldugu goriilmektedir.

Hakim frekans 25Hz. civarindadir.

Offset-X ->

2000 = 28500

Figure 11. Single shot gather from the surface array. First breaks and some reflections are identified and indi-
cated by the arrows. Source is S10 at 1000m location from left of the receiver array
Sekil 11. Tek kaynak verisi, yiizey a¢ilimindan. Ilk varis sinyalleri ve bazi yansimalar oklarla gosterilmistir.
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Figure 12. Zero offset VSP shot gather. Source to borehole offset is 100m. First breaks and reflections are
identified and indicated by the arrows. Source location is at 1000 m. on the model.

Sekil 12. Yakin ofset VSP verisi, kaynak-kuyu uzakligi 100 m. dir. Ilk varis sinyalleri ve yansimalar oklarla
gosterilmistir. Modelde kullanilan kaynak mahalli 1000 m. dir
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Figure 13. Surface and VSP data sets are shown together. First breaks and reflections are identified and tied
to each other. VSP shows the depths of the reflections of surface seismic data.

Sekil 13. Yiizey sismik verisi ve VSP verisi, beraber gosterilmistir. Ilk gelen dalgalar (first breaks) ve yansima-
lar (refleksiyonlar) belirlenmis ve birbirlerine baglanmuistir, her iki veri setinde diisey eksen zamandir. Yiizey

verisinde goriilen yansimalarin fiziksel derinlikleri VSP verisinde gosterilmistir. VSP dogrudan derinlik tayinini
gostermektedir.
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DATA PROCESSING BEFORE MIGRATION

As mentioned before, only the surface seismic
data is further processed in detail and migrated
to image the subsurface. Main data processing
for this exercise were a) mute the first arrivals,
b) k1k2 filter to remove extra low frequencies, c)
amplitude adjustment. Figure 14 shows the muting
process on three shots; the top is the raw data, the
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middle is the muted data, and the bottom is what is
muted. A muted shot gather and its F-X spectrum
are shown in Figure 15, where the amplitudes are
seen more evenly distributed across the traces in
the F-X spectrum plot.

An averaged amplitude spectrum plot is shown
in Figure 16. Compare Figure 16 to Figure 10 to
see the effect of muting process.

trac

. ~

Figure 14. Data processing. Example three surface shot gathers, a) raw gathers, b) after mute of first breaks, c)
what is muted. It seems that since the muting removed the first arrivals, the remaining data has more balanced

amplitudes from trace to trace.

Sekil 14. Veri-islem. Yiizey sismik agilimdaki 3 kaynaktan veriler; a) ham veriler, b) ilk varan dalga siny-
allerin giderilmesinden (mute) sonraki sinyal kismi, ¢) ham sinyalden atilanlar. Genlikler daha dengelenmis

goriiniiyorlar (b) de.
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Figure 15. Muted shot gather and its F-X spectrum. The F-X plot of the muted gather shows uniform energy
distribution across the traces. Compare this to Figure 9.

Sekil 15. lk varan dalgalar giderilmis haldeki (muted) sismik kesit ve onun F-X spektrumu. F-X deki enerji
dagiliminin sismik izler tizerinde daha istikrarl ve dengeli oldugu goriilmektedir, Sekil 9 ile karsilagtirmiz.
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Figure 16. Average amplitude spectrum of the gather of the previous figure. Compare it to Figure 10.
Sekil 16. Genel genlik spektrumu, bir dnceki sekilde sunulan sismik veriden elde edilmistir. Sekil 10 ile
karsilastiriniz.
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PRE-STACK COMMON SHOT MIGRATION

The pre-processed 31 shot gathers are pre-stack
migrated using a 2d pre-stack shot migration al-
gorithm. Each shot is migrated separately, a final
image is constructed after summing the individually
migrated sections. The final image obtained from
50 Hz migration is shown in Figure 17. Different
maximum frequencies were also tested in migration,
best image is obtained with 50 Hz. The image in
Figure 17 is after data was muted and amplitude
compensated. Comparison of the image to the
input model is done and is shown in Figure 18.
The data before the pre-processing applied was
also migrated, its final image is shown in Figure
19. Notice that the first arrivals imaged the source
locations, indicated with the arrows, all 31 source
locations are clearly imaged.

In fact the image from the raw data gets quite
useful for checking and QC ing the accuracy of the
imaging process. The source locations should be
imaged at their correct source coordinates clearly as
it is done here, if the source locations don’t match
then there has to be something wrong with the im-
aging process or the coordinates or the parameters.
Our results are quite satisfactory here.

MIGRATION EVALUATION:
Effect of Maximum Migration Frequency on
Pre-Stack Images

Effect of migration maximum frequency vs. im-
age quality is discussed. Five different maximum
frequencies of 25, 40, 50, 60 and 80 Hz. are tested.
Final images from these frequencies are shown in
the following figures, the input data had a dominant
frequency of 25 Hz with maximum frequency of 50
Hz, see Figure 10. Final image from 25 Hz (Fmax.)
migration is shown in Figure 20, as seen in the
Figure, the image has rather low frequency effect,
the layer boundaries are not so sharp, the bottom

image seems blurry and not clear and crisp. This
is a typical case of not including enough seismic
energy in the input data for the migration. An
image from 40 Hz. Fmax. is shown in Figure 21.
This image is better looking than the image of 25
Hz. Layer boundaries are imaged sharper. It looks
like most of the seismic energy is migrated at 40
Hz, the background noise before the first layer at
400 m is still too high.

The 50 Hz image is shown in Figure 22, where
the image looks quite good, the layer boundaries
are imaged well, especially the bottom layer is im-
aged clearly, and the background noise seems less
than the 40 Hz image case. The image from 60 Hz
and 80 Hz are shown in Figure 23 and Figure 24
respectively. The 60 Hz image is somewhat com-
parable to 50 Hz image, however the background
noise is more visible at 60 Hz. The 80 Hz image
is questionable, the layers are imaged correctly
but the background noise is elevated considerably,
grid dispersion effects are dominating the image.
Computer time for imaging gets longer as the fre-
quency increases.

Frequency tests indicated that the image of op-
timum quality should be somewhere between 50
to 55 Hz.

RESULTS AND CONCLUSIONS

The results and learnings can be summarized as
stated here. Based on the successful results obtained
in this exercise it can be concluded that

a) a digitized and gridded seismic model from
a given geological sketch can be constructed, and
geological properties can be assigned to the seismic
model. In our case the properties were seismic
velocities and densities. In some other cases other
earth parameters such as impedances, porosities etc.
could be easily assigned to simulate other geophysi-
cal properties.
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Figure 17. A final image from pre-stack with 50 Hz migration. The data is amplitude compensated.
Sekil 17. Sismik goriintii, 50 Hz kullanilarak pre-stack migrasyondan elde edilmistir. Veri genlikleri derinlige
bagl dengelenmistir.
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Figure 18. Final image of previous figure is compared with the input model. Image accuracy is good.
Sekil 18. Sismik goriintii ile hiz modelinin karsilastirilmasi. Elde edilen goriintiiniin oldukga iyi oldugu gériilme-
ktedir. Goriintiiniin hiz modeliyle ¢akisma derecesi migrasyonun iyi yapildigini géstermektedir.
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Figure 19. A final image from the raw data, no pre-processing was applied to input data prior to migration. The
first arrivals imaged the source locations, arrows showed them. The background noise is higher on the image
than the pre-processed image case of Figure 17.

Sekil 19. Son goriintii, ham veriler kullanilarak elde edilmistir, migrasyon dncesi veri-islem uygulanmamuistir.
Ik varan dalgalar sismik kaynak lokasyonlarini gostermektedir, oklarla gosterilmistir. Goriintiideki sismik

giirtiltii oran1 veri-islem uygulanip elde edilen goriintiidekinden daha fazladir. (Sekil 17 ile karsilastir)

b) Given seismic survey parameters and target
parameters, synthetic data shot gathers can be cre-
ated using an acoustic finite difference modeling
technique. Both surface seismic and vertical seis-
mic data sets were created simultaneously here
from 31 shot locations. Number of shots can be
increased easily.

¢) Surface seismic data can be processed for
removal of first arrivals, noise reduction, time and
space domain filtering, amplitude compensations,
and attenuation coefficients.

d) The processed 31 shot gathers was pre-stack
migrated. A stack final image was created and is
presented. The Migration was repeated for maxi-
mum frequencies of 25, 40, 50, 60, and 80 Hz to
show the dependency of image quality on the fre-
quency. Optimum image quality is obtained at
50 Hz.

e) The final image is compared to the input
model to quality control (QC) the results. The
comparison is quite good (Figure 18).

f) The similarity between the final image and
velocity model proves the accuracy of the modeling-
imaging processes as well as the accuracy of the
algorithms.

g) The VSP data has not yet been processed in
this exercise. A full-blown VSP data processing
should be done and its results should be displayed
in a different project.

h) The accurate results obtained from this pro-
ject tell us that the forward modeling - imaging
methodology presented here should be applied in
every possible geophysical cases before a seismic
field work starts.
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Figure 20. Final image from Fmax 25 Hz. Bottom layers are not imaged well. Notice seismic noise before the

first layer.
Sekil 20. Maximum frekans 25 Hz. den elde edilen goriintii. Alttaki ince tabakalar bu frekansta yeterince

¢Oziimlenemiyor.
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Figure 21. Final image from Fmax 40 Hz. Bottom layers are imaged better than 25 Hz. case.
Sekil 21. Maximum frekans 40 Hz. den elde edilen goriintii. Alttaki ince tabakalar bu frekansta daha iyi
¢Oziimlenmeye bagladi.
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Figure 22. A final image from Fmax 50 Hz. The bottom thin layers are resolved well at this frequency.
Sekil 22. 50 Hz. den elde edilen sismik goriintii. Optimum migrasyon frekansi bu olabilir. Alt kisimdaki ince
tabakalar iyi ¢coztimlenmis olarak goriintiyor.
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Figure 23. A final image from Fmax 60 Hz. The bottom thin layers are resolved well at this frequency, however
some background noise seems to increase before and below the first layer.

Sekil 23. Fmax. 60 Hz. den elde edilen son goriintii. Coziiniirlik giizel fakat arka plandaki sismik giirtiltiide
artis var.
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Figure 24. A final image from Fmax 80 Hz. Background noise is increased substantially, this could be due to

numerical dispersion.

Sekil 24. Fmax 80 Hz. den elde edilen son goriintii. Sayisal giiriiltiide oldukea artig var bu frekansta.

OZET

Bu makalede jeofizik sismik yonteminde
matematiksel ileri modelleme (forward modeling)
yonteminin arazi ¢aligmasi i¢in nasil kullanildigt
orneklerle anlatilmistir. Jeofiziksel model insa
edilmis, model tizerinde sismik ag¢ilim tasarlan-
mis, sentetik sismik veriler bilgisayar ortaminda
tiretilmis, veri analizi ve veri - igslemler sentetik
veriye uygulamis, en son olarak da islenmis veriye
migrasyon uygulanarak modelin sismik gortintiisii
elde edilmistir. Uygulanan islemin dogrulugu ve
sonuglarin gegerliligi i¢in sismik goériintii model
ile karsilastirilmistir. Elde edilen sonug oldukga
yiksek kalitelidir. Ayrica sismik gortintiileme isle-
minde (migration) 6nemli parametrelerden biri
olan maksimum frekansin gortintiileme kalitesine
etkiside irdelenmistir. Cok diislik frekans ve ¢ok
yiiksek frekans hallerinde goriintii ¢dztintirliigtintin
bozuldugu 6rneklerde gosterilmistir.

Makalede calisilan evreler sdyle siralanabilir;
a) model belirleme, model kurma, jeofiziksel sayisal
model elde etme. b) ileri modelleme algoritmasinin
ve modelleme parametrelerinin secimi, sentetik
(yapay) veri liretimi. c) veri- analizi; yiizey ve kuyu
sismik verilerinin karsilastirilmasi. d) sentetik veri
islemi (data processing), frekans spektrum analizi.
e) sismik gortintiileme, model ile karsilastirma. f)
sismik gortintilemede maksimum frekansi secimi.

EVRELER

a) Model Kurumu - Genel Yaklasim. Buislem
yapilirken genelde sismik ¢alismanin yapilacagi
arazi sartlari ile beklenilen jeolojik on bilgiler goz
ontinde bulundurulur. Bslgede daha 6nceden alinan
kuyu loglari anomalileri incelenir. Bélgedeki baskin
tabakalar kaba hatlariyla ¢izilir, bu tabakalarin
jeofiziksel 6zellikleri ve parametreleri belirlenir,
ornegin sismik hizlar, yogunluklar, poroziteler,
tabaka kalinliklart vb. gibi. Bu bilgiler harmanla-
narak modelin bir kaba-taslagi ¢ikarilir, 6l¢timleri ve
skalasi (scale) konur. Boylelikle derinlik ve genis-
lik oranlart ayarlanir. Ilgi duyulan ¢oziiniirliikte
istenen ince tabakalarda model tizerine eklenir.
Modelde biiytikliik ve olceklere dikkat edilmelidir

Bu ¢aligmada daha 6nceden yapilmis olan hazir
bir model kullanildi. Modelin tabaka parametreleri
olan uygun sismik hizlar ve yogunluklar sonradan
modele eklendi. Modelin genislik ve derinligi 3150
m. ve 1200 m. olarak diizenlendi. Model karelaj
(grid) aralig1 5Sm olarak ayarlandi, (bkz. Sekil 1).
Diisey ve yatay karelaj bliytikliigi esit olarak alindi.

b) Modelleme: Sentetik veri tiretiminde mod-
elleme algoritmasi olarak akustik sonlu farklar yon-
temi kullanilmistir. Akustik ¢alisma oldugu igin,
modellemede sadece skalar sismik dalga, yani tek
tip dalga, olarak P-dalgalar1 tiretilmistir. Model
ylizeyinden {iretilen ylizey yansimalari (surface mul-
tiples) bastirilmistir, istenirse veriye dahil edilebilir.
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Sentetik verinin hakim frekansi 25 Hz. maksimum
frekans 50 Hz. dir (bkz. Sekil 9 ve Sekil 10). Mak-
simum frekans se¢iminde alias olaymi 6nlemek
icin en dusiik sismik hiz ve karelaj biiytiklugi goz
ontine alinir. Kaynak sinyali olarak degisik tipte
sinyal secimi mevcuttur. Burada minimum faz
dalgasi kullanilmistir.  Hem ytizey sismik profili
(YSP) hem de diisey sismik profili (DSP) acilimi
geometrileri kullanilarak iki tip sismik veri elde
edilmistir.  Sismik kaynak araligi 100 m, sismik
alict araligt 5 m. dir. Sadece ytizey sismik veril-
eri veri-islemden gecirilip sismik goriintiilemede
kullanilmstir.

c¢) Data Analysis: Bu evrede yiizey sismik acili-
mindin elde edilen veriler incelenmistir. Yansimalar
sismik tabakalara gore karsilastirilmis, yansima
sayisinin tabaka sayisina esit olmasina dikkat
edilmistir.  Yiizey yansimalariin diisey sismik
verileriyle karsilastiriimasi yapilmis, diisey sismik
(kuyu sismigi) verileri kullanilarak ytizey sismik-
te kaydedilen yansimalarin derinlik baglamalari
yapilmistir. Bu analizde kuyu derinligi nemlidir.

d) Veri-Islem: Yiizey sismik verileri sismik
goriintiilemede kullanildigindan on veri-igleme tabi
tutulmustur. Verinin spektrum analizi yapilmis,
beklendigi tizere hakim ve maksimum frekanslarin
25 Hz ve 50 Hz oldugu gozlemlenmistir. i1k gel-
en dalgalarin varig zamanlar bilgisayarda toplan-
mig, daha sonra bu zaman verileri kullanilarak bu
dalgalar sontimlenmistir. k1-k2 ortaminda veriler
incelenmis kaynak aralig1 mesafesinin neden ola-
bilecegi alias degerleri gozlemlenmis ve yumusak
k1-k2 siizgeg islemi uygulan mistir. Geometrik
yayilim etkisinden dogan genlik séntimlemesi t**2
ile telafi edilmistir.

e) Sismik Géoriintiileme (Migrasyon): Bu
evrede sismik veriler, “kayit zamani - sismik iz”
ortamindan alinip fiziksel ortama taginarak jeolojik
olarak yorumlanabilir hale getirilir. Bu transfer
islemiyle elde edilen sonu¢ ya zaman ortaminda
ya da derinlik ortamindadir. Bu ¢alismada derinlik
sismik goriintiileme yontemi kullanilmigtir, elde
edilen sonug “derinlik-yatay mesafe” ortamindadir
(bkz. Sekil 17). Elde edilen goriintiiniin dogrulugu
model ile karsilastirilarak yapilan islemin kalite
kontroliiniin oldukea iyi oldugu gozlemlenmistir
(bk. Sekil 18).

Frekans iceriginin sismik sinyalde 6nemli para-
metrelerden biri oldugu bilinir. Frekansin zengin-
ligi (yuksek frekanslarin varligi) sinyal igerisinde
taginan bilginin bolluguyla dogru orantilidir genelde.
Hiz-frekans iliskisinde (V=F*L denkleminde V hiz,
F frekans, L lamda yani dalga boyudur) gorildigt
gibi. Sabit hiz (V) icin, frekans (F) arttik¢a dalga
boyu (L) duser, buda tabaka ¢6ztintirliiglintin art-
masi demektir, yani hassasiyetin yiikselmesi an-
lamina gelir. Bu agiklama esas alinarak, degisik
maksimum frekanslardan sismik goriintiiler elde
edilmistir. Verideki maksimum sinyal frekansi 50
Hz oldugundan optimum gériintiileme 50 Hz.de
elde edilmistir (bk. Sekil 17). Diisiik frekansta
(25 Hz) elde edilen gorintiilerde netlik problemi
olmus, derin tabakalar detayli ¢oziimlenememistir
(Sekil 20). Yiiksek frekansta (80 Hz) elde edilen
goriintiide sayisal giiriiltiiler olusmaya baslamis,
sanal goriintliler goriinmeye baglamigtir. Frekansi
gereginden fazla arttirmanin bir yarari olmamis
aksine sismik goriintii sayisal olarak kirlenmeye
baslamistir. Segilen frekansin sismik veri tarafindan
desteklenmesi gerekmektedir.

BU CALISMADAN NELER OGRENDIK:

Bu ¢alismadan 6grendiklerimiz su basliklar al-
tinda toplanabilir;

a) Tasarlanan bir jeolojik model ya da taslak
bilgisayarda 6rnekleme yapilarak jeofiziksel model
haline doniisttirebilir. Elde edilen bu sayisal model
karelaj haline getirilerek istenen boyutta bir grid
modeli olusturulabilir. Jeofiziksel parametreler
(sismik hizlar, yogunluklar, empedans vb. gibi)
modele girilerek her bir parametre i¢in bir model
elde edilebilir.

b) Kurulan model tizerinde jeofizik sismik 6lgme
tasarlanarak sentetik veri tiretilebilir. Bu ¢calismada
akustik dalga denklemi kullanilarak P-dalgalarindan
¢Oziim Uretilmistir. Eger istenirse sismik hiz modeli
degistirilerek akustik S-dalga ¢6ztimii de tiretilebilir.

¢) Uretilen sentetik veriler veri-islemden gegir-
ilerek sonuglar analiz edilebilir. Bu arada veri-
islem parametreleri de bu sentetik veri tizerinde
test edilebilir. Eger arazi verisi varsa, bu sentetik
veriler arazi verileriyle karsilastirilarak modelin
dogrulugu kontrol edilebilir.
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d) En son evrede sentetik veri, sismik “kayit
zamani — sismik iz” ortamindan alinip fiziksel or-
tama transfer edilebilir. Burada derinlik transfor-
masyonu (migrasyon) yapilmistir.

e) Sismik kaynak sayisi, alicilarin yer ve adeti,
sismik kaynak sinyalinin cinsi ve frekansi degistir-
ilerek farkli sismik Sl¢timler simtilasyon edilebilir.
Degisik senaryolardan elde edilen sismik goriintiiler
incelenerek hangi 6l¢tim kombinasyonun istenilen
goriintiiyli en ekonomik olarak verebilecegi ve hangi
tasarimin arazide uygulanmasi gerektigine karar
verilebilir. Boylece karar islemi matematiksel bir
esas lizerine oturtulmus olur.

f) Sismik caligmalarin her birinde bu model-
leme-goriintiileme ¢aligmasinin kullanilmasi tavsiye
edilir.

FUTURE WORK
As a continuation of 2D study it can be further
done as

a) Image decimation study can also be done to
see how many minimum number of receivers and/or
sources should be needed to produce similar quality
final image. This elimination study can save time
and extra cost during the survey. Surface array
length could be optimized as well.

b) The VSP data should be processed appropri-
ately to produce corridor stacks from the zero-offset
VSP data, and images from the walkaway VSP data.

¢) It is strongly recommended that further re-
search and applications should be performed for
3D seismic modeling and imaging.
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