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PROCESSING AND INTERPRETATION OF SEISMIC DATA IN DNIEPER-DONETS BASIN

(Reviewed by the editorial board member G. Prodaivoda)

Advanced understanding of geological structure of petroleum fields remains one of the main drivers of successful exploration and
production. Due to limitations of seismic method we can acquire data only in time domain, while other data, like petrophysical or geo-
logical, are acquired in depth. Combining these main data sources in a single exploration project remains one of the main task of explo-
ration geologist since it allows avoiding mistakes in depth estimation of prospects, and thus correct estimations for drilling.

The key for correlations between time and depth domain is vertical seismic profiling (VSP), which allows estimation of seismic
waves' travel time with depth. Basically, so far this is the only direct measurement of time-depth relationship in petroleum fields. Correct
processing and interpretation of this data will lead to correct interpretation and prospect evaluation.

In the paper VSP data processing workflow is being proposed. Calculation methods of interval, average and layer velocities
and statistical methods to crosscheck obtained results are suggested. Statistical analysis allows avoiding subjective mistakes,
and though in some situations might require later manual corrections for geological factors, nevertheless it allows to guarantee
quality of the data and introduces unique approach to its interpretation.

Obtained seismic velocities later were incorporated in seismic data processing graph and an optimal graph for processing
seismic data using VSP velocities is introduced. Applying well velocity data allows us to properly estimate velocity models for
depth migration and to avoid uncertainties related to velocity estimation.

Seismic images, obtained after processing, were used for seismic interpretation, which helped to specify geological structure
of the prospects in the cutoff part of the Dnieper-Donets Basin. Modern software and interpretation methods of seismic data al-
low significant improving of mapping accuracy and tracing tectonic faults.

Introduction. Advanced understanding of geological
structure of the fields of Dnieper-Donets Basin is one of the
most important steps in modern geological exploration
hence it allows increasing of oil and gas resources and
reserves. In return, this challenge became unreachable
without precise processing of acquired seismic data and
detailed understanding of velocity model prior migration.

Significant amount of geological and geophysical stud-
ies were held at the area of interest, including electromet-
ric, magnetic, gravity and seismic surveys. Wildcat, para-
metric, and some production wells are drilled.

Acquiring of these data allowed creating acceptable
geological model of the area. Nevertheless, the most im-
portant issue related to depth conversion cannot be solved
correctly solely by little amount of velocity data from certain
fields, also we cannot rely completely on velocity models
created based on velocity spectra analysis prior migration.
Though such velocity cubes might be used later for depth
conversion relatively easily using well-known Dix equation,
we should take into account possible mistakes that might
be introduced during velocity spectrum analysis. Thus, 5%
mistake in velocity estimated from velocity spectra can
result in about 20% mistake in interval velocities calculated
via Dix equation. This is why using borehole seismic data is
a crucial step for accurate depth models of petroleum
prospects and leads.

Since most of well seismic data had being acquired in
different time by different tools and processed by different
methodologies, it was important to develop a methodology
allowing processing and interpretation of the data and bring-
ing it to one standard. Later these data, from more than 300
wells, were used to create interval, average and layer veloc-
ity models for central part of Dnieper-Donets Basin, helping
to understand velocity distribution in the region based not
only on onshore seismic, but on the well data.

These velocity data were introduced into processing
workflow, allowing us to use additional information for ve-
locity modeling and thus obtaining seismic images of

higher quality and more accurate distribution of reflectors.
And obviously, their correlation with geological strata.

A workflow to enhance processing graph using velocity
model acquired from VSP data at the whole central part of
DDB is being proposed in the paper.

Significant amount of geologic and geophysical surveys
were held at the area of interest, including electric, magnet-
ics, gravity and seismic surveys. Wildcat, parametric, and
production wells are drilled.

Most of the fields at the area are linked to non-anticline
traps — tectonic blocks with monoclines.

The processing was performed in a wide frequency
range with preservation of kinematic and dynamic charac-
teristics of the seismic record.

All processing consisted of three main steps:

1. Time processing of seismograms.

2. Prestack time migration.

3. Processing of the 3D volume.

The first and third stages of processing were performed
in the Echos software package. The second stage was
performed in GeoDepth.

Along with loading seismic profiles in geologic database
of the project, well log data was entered — coordinates of
wells in the area of study, stratigraphy markers, their depth
marks, VSP data, acoustic and radioactive logs, well devia-
tions and others.

Results of interpretation of seismic images build using
suggested processing graph allowed obtaining much more
detailed geological structure, with more accurate depth
correlation of the strata. Correct understanding of depth
relations can foster petroleum production from the field and
will be essential for well planning.

Methodology of VSP data interpretation. Collection
and analysis of wellbore seismic data, mainly results of
VSP research was the first step in preparation data for ve-
locity modeling. Authors have collected the data from more
than 300 wells. Most of these wells are located at the area
of research, while some wells are located outside the area,
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but in "immediate" vicinity. These wells were incorporated
into model in order to control extrapolation process at the
borders of the research area.

About 5% of these data were not conditional — it was
not possible neither to re-interpret the data, nor even un-
derstand the readings. Therefore, we made conclusion that
such oil fields may be considered as the ones without well
velocity data.

Since all the VSP surveys were conducted in different
time by different methodologies, we have decided to re-
interpret the data — in order to bring it to one standard.

In order to have all the VSP interpretation results we
have developed following workflow:

- at the first stage vertical time travel curves were ref-
erenced to absolute depth level (sea level) and correction
of an a priori mistakes was made.

- at the second stage corrected time travel curve was
recalculated in the time travel curve with constant incre-
ment. If input time travel curve was reordered with a step of
20 meters and more, step of an output curve was set to 20
meters. If input time travel curve was reordered with incre-
ment of 10-15 meters and more, increment in the output
curve was set to 10 meters.

- at the third stage obtained data was transferred in
digital and graphical form for further processing.

A section of vertical time travel curve with location of
reading points is presented at Figure 1. Figure 2 shows
time travel curve with reading points (A) and interval veloci-
ties calculated in the well. Red arrow indicates a layer with
anomalously high velocities, which corresponds to one
reading point at the time travel curve and most likely is a
result of measurement mistake.

Average and interval velocities based on VSP data
were calculated according to the following workflow:

v H

ayv = —

poav= (1)

were V), o — average velocity for primary wave, H — vertical
depth from the reference datum, T, — wave transit time.

For interval velocity:

Vint AH
int=——
Alp”’ 2)
were Vi, — interval velocity of primary wave, AH — depth
differential, AT, — primary wave transit time.
Figure 3 presents an example of layer velocity modeling.
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Figure 1. Example of time travel curve with location of reading points. A and B indicate different wells
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Figure 2. Example of time travel curve (A) and interval velocities (B) before corrections.
Arrows indicate errors of the first arrival readings
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Figure 3. An example of layer velocity modeling.
A —interval and layer velocities, B — forward modeling — calculation of vertical time travel curve, which is later compared
to real time travel curve (B, C). E — correction of the model with reduced time travel curve, D — statistical control of the data

Calculation of layer velocity based on traditional meth-
ods (choosing breakpoints of time travel curve) is the most
subjective and open to errors since interpreter's point of
view is the main criteria in this approach. At the other hand,
suggested methodology allows calculating layer velocities
automatically, reducing human factor.

To calculate layer velocities authors have used not time
travel curves, but interval velocities. Based on common
petrophysical algorithms [2, 3] these data were converted
into layers and layer velocities were calculated based on
the equation (3):

v AH

4 ATp (3)
were V,, — layer velocity, AH — thickness of the layer, AT, —
wave transit time in the layer.

Calculated layer velocities were used for forward geo-
physical modeling — calculation of time travel curves, which
were compared to recorded ones. If qualitatively both
curves matched, the process was finished. If qualitatively
curves did not match — model was corrected solving in-
verse problem of reduced time travel curve with additional
quality control, both visual and statistical.

Optimal graph of seismic data processing

1. Reading of field seismic data in SEG-Y format and
recording them on magnetic disk of the workstation.

2. Formation, linking and verification of the array of
source points and receiver points positions for further de-
velopment of the project database in the processing sys-
tem ProMAX 3D, obtaining position schemes of the source
and receiving points.

3. Binning points of CDP. Obtaining multiplicity distribu-
tion in the area of interest.

4. Entering parametric information required for the sys-
tem processing ProMAX 3D in the headers lines.

5. Quality control of assigned geometry by visual con-
trol of seismogram first entries in the records.

6. Calculation of static corrections using data of explo-
sive seismic investigations CDP method of previous sur-
veys and SRM data.

7. Formation of tables of static corrections for source and
receiving points and entering them into project database.

8. Editing of input seismographic records. Making
changes to the tables of the database.

9. Calculating of an a priori 3D cube.

10. Analysis of seismic characteristics of the input data.

11. Selecting parameters and restoring the values of
the amplitudes.

12. Attenuation of sound waves.

13. Testing of the parameters and performance of FK
filtering by source points.

14. Testing of parameters and deconvolution of input data.

15. Calculating of control 3D cube after FK filtering and
deconvolution.

16. The first cycle analysis of stacked 3D velocity grid
by 2.5 by 2.5 km.

17. The first cycle of the automatic 3D static corrections
and editing of results.

18. Calculating of the control 3D cube using the first cy-
cle static and kinematic corrections.

19. Weakening of multiple waves of seismographic records.

20. The second cycle of velocity stacking on the 1.25
x1, 25 km grid.

21. The second cycle of the automatic 3D static corrections.

22. Calculating control 3D cube using second cycle of
static and kinematic corrections.

23. DMO-transformation in the high-speed analysis points.

24. Adjustment of velocity stacking using data corrected
by DMO.

25. DMO transformation.

26. Zero-phase deconvolution of stacked data.

27. Weakening of incoherent noise.

28. Building of the velocity model for 3D time migration.

29. Time 3D migration of the stacked data.

Data interpretation. Reinterpretation of 3D seismic data
and formation properties at the Southern border of Dnieper-
Donets Basin led to revealing new aspect of geological struc-
ture of the area, determine areas of petroleum leads and re-
estimate formation properties of key productive horizons.

Interpretation workflow

Today, when new technologies and equipment are de-
veloped, both for seismic data acquisition and its processing
and interpretation, it has become possible further research of
Southern part of Dnieper-Donets Basin border. Interpretation
was carried out on 20 seismic profiles, which forms fairly
uniform grid. For alignment of wells two profiles of past years
— 19-43-81 and 70-43-90 were used. After processing of
seismic data, and also reprocessing of profiles from previous
years, in the ProMAX system, all materials were loaded into
the database of "Integral Plus" interpretation package. The
seismic reference datum of profiles is 150 m.
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For tying seismic boundaries with geological data at all
deep drilling wells, as well as to determine the characteris-
tics of the complex nature reflectors, seismic modelling was
carried out.

For convolution of impulse traces 23 Hz Ricker wavelet
was used, determined from seismic profiles 77-2-02. Cal-
culations of synthetic traces were performed based on an
acoustic borehole logging and generalized velocity curves.
Results of seismic modelling showed that the lower and
upper borders of Visean formations correspond to an
acoustically hard surface. Stratigraphic boundaries coin-
cide with the top of seismic vibrations' wavetrain. This con-
clusion is also confirmed by comparing calculated seismic
traces with the real wave field.

Conclusions. Modern software and interpretation
methods of seismic data allow significant improving of
mapping accuracy and tracing tectonic faults. Application of
new techniques for the interpretation of data makes it pos-
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sible to create 3D geological models, defining distribution
of zones with better reservoir properties, predict values of
porosity and zones of lithological substitutions. Using algo-
rithms of seismic facies analysis allows much more reliable
establishment of lithological substitution zones and esti-
mate distribution of formations with similar porosity and
permeability properties. As a result of seismic studies the
geological structure of southern border of Dnieper-Donets
Basin was clarified.
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BUKOPUCTAHHSI MOZENI PO3MOAINY LWWBUAKOCTEA CENCMIYHUX XBUNb
MPU NOBHOMY KOMMIEKCI OBPOBKM TA IHTEPMPETAL|Ii CENCMIYHOT IHOOPMALY
HA MPUKITALI NNOLL AHINPOBCLKO-AOHELILKOI 3ANAOUHM

KomnnekcHe ysieneHHs1 npo 2eosnozidyHy 6ydosy podoeuw, Haghmu ma 2a3y € OCHO8HUM iHCMpPyMeHmMoM, wo 3abesneyye ycniwHy po3eidky
podoeuuja ma eaudobyeaHHs1 KOPUCHUX KonasuH. BiGomum o6mexeHHsIM celicMoOpo38idku € me, wy0 ompumaHi 0aHi 3Haxodssmbcs 8 Yyacoeili obna-
cmi, 8 moli 4ac sk 6inbwicms iHWux Mmemodie, makux sik 2eoghizu4Hi docnidxeHHs1 ceepOno8uH Yu nempogizuka, Marome 21UGUHHY PO3MIpHiCMb.
IHmezpayis yux munie daHux e eduHOMy 2eosio2o0po3eidyeasibHOMY NMpPoekmi € o0Hie 3 nepwoyvep2oeux 3aday 2eoghizuka-iHmepnpemamopa
OCKinbKu 00380J151€ YHUKHYMU MOMUJIOK Yy 8U3Ha4e€HHi 2nubuH podosuuwia ma rnpoaHo3ax npu 6ypiHHi.

OCHOBHUM iHCMPYMEHMOM npu Kopessyii yacoeux ma 2nu6uHHUX 0aHUX € pe3ybmamu eepmuKasibHO20 celicMiYHO20 NpogintoeaHHs], Wo
do3eosisilomb oyiHUMU Yac npoxodKeHHs1 celicMiYHUX xeusnb 3 a2nubuHoro. KopekmHa o6pobka ma iHmepnpemauiss yux aHuUx € K/1r0408oro Onsi
KopekmHoi iHmepnpemauyii celicMiyHUx daHux ma nobydoeu 2eoso2i4HuUx modesel.

B OaHiii po6omi aemopu nponoHyroms MemoduKy o6po6ku OaHUX eepmuKasibHO20 celicMiYyHO20 NPointoeaHHs, po3paxyHKy iHmepeanbHUX,
cepedHix ma nnacmoeux weudkocmeli. [Jnss KOHMposnto ssKocmi ompumaHux pesynbmamie 6ys0 eukopucmaHo cmamucmuyHi Mmemodu. Cmamu-
cmu4Hull aHani3 00360J151€ YHUKHYmMu cy6'ekmusHUX MOMUJIOK iHmeprnpemamopa, xo4a, 6e3nepe4yHo, 8 NodasbuioMy Moxe 3Hadobumuchb KOpekK-
myeaHHs1 OmpuMaHux pe3ynbmamie 3 epaxyeaHHsIM Hasi@HUX 2e0/102i4HUX YMO8.

Po3spaxoeaHi weudkocmi celicMiyHUX xeunb 6ynu eukopucmati 05151 po3pobku onmumManbHo20 epaghy 06pobku celicMi4HUX daHux. Bukopuc-
maHHs1 ceepdsio8UHHUX OaHuUx do3eoJisic cmeopumu 6inbw MoYHy weudKicHy Modesnb Onsl 2U6UHHOT Mi2payii ma yHUKHymu Heeu3Ha4YeHocmell 8
ouyiHyi weudkocmeii.

CelicmiyHi 306paxkeHHs, ompuMaHi 8 pe3ysibmami o6pobku ma mizpauii, 6ysu eukopucmai npu iHmepnpemauii ma do3eonunu ymo4YyHuUMu 2eos1o2iy-
Hy cmpykmypy podosuw; rnpu6opmoeoi YacmuHu [Hinpoecbko-[JoHeybKoi 3anaduHu. CyyacHe npozpamHe 3abesneqyeHHs1 ma Memodu iHmepnpemauyii
ceticMidHUX AaHUX 30380/151F0Mb 3HaYHO MiIG8UWUMU MOYHICMb KapmyeaHHs1 INa KOPEeKMHiICMb 8U3Ha4YeHHS MEKMOHIYHUX MOPYWEHb.
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MCMNOoNb30OBAHUE MOOENN PACNPEAENEHUA CKOPOCTEI7[ CEI7ICMVI‘-IE§KI/IX BOJH
NPU NONHOM KOMMNNEKCE OBPABOTKU N UHTEPMNPETALUUU CENCMUYECKOU MHOOPMALIUU
HA NPUMEPE NNOLWALEN OHENPOBCKO-AOHELKOWU BNAAUHBI

KomnnexkcHoe noHumaHue 2e0/102u4€CKO20 CMPOEHUsI MECMOopPoXOeHuUll Heghmu u 2a3a s18J151emcsi OCHO8HbIM UHCMpPYMeHmom obecrneyu-
earowumM ycrewHyo pa3eedKy Mecmopoo0eHusi U Ao6bivy NMosie3HbIX UCKonaembix. U3eecmHbIM oe2paHu4YeHUeM celicMopa3eedKu s18Jisiemcsi mo,
4mo nosy4yeHHble OaHHble Haxo0sIMcsi 80 8peMeHHol obnacmu, 8 Mo epeMsi Kak 6osbWUHCMEo Opya2ux Memodoe, makux Kak 2eogusuyeckue
uccnedogaHusi CK8a)XUH unu nempogbusuka, umMmerom 21y6uHHyr0 pasmepHocmb. MHmMezpayusi amux munoe 0aHHbIX 8 €AUHOM 2e0J1020pa38edoYy-
HOM npoekme siesissemcsi 0OHOU U3 nepeooy4yepedHbix 3aday 2eoghusuka-uHmeprpemamopa MnocKosbKy rnoseosisiem uzbexams owubok e onpede-
JnleHuu 251y6uH MecmopoXOeHUs1 U Npo2Ho3ax fnpu 6ypeHuu.

OCHOBHbIM UHCMPYMEHMOM MPU KOPPessiyuu 8PpeMeHHbIX U 2JTy6UHHbIX GaHHbIX SI8MISAIOMCS1 pe3ynbmambl 8epmuKaribHO20 celicMu4ecKo20
npoghunuposaHusi, KOMopbie M0380JISIFOM OUEHUMb 8PEMSI MPOX0XOeHUsI celicMU4ecKUX 80JTH ¢ aiy6uHol. KoppekmHasi o6pabomka u uHmepnpema-
yust amux 0aHHbIX si8risiemcs KioYyeaoll 05151 KoppeKmHol uHmeprnpemayuu celicMudeckux OaHHbIX U MIOCMPOEHUs1 2eosio2uyeckoli Modesnu.

B OaHHoli pabome asmopbi npednazatom MemoOuKy o6pabomku OaHHbIX 8epMUuUKasibHO20 celicMU4YecKo20 npogunupoeaHusi, pacdema uH-
mepeasnbHbIX, CPeGHUX U raacmoesbix ckopocmedl. [nsi KOHMpPoOsA Ka4ecmea nosly4eHHbIX pe3ynbmamoe 6biIu UCMoIb308aHbl cCmamucmu4yeckue
memodbl. Cmamucmuyeckuii aHanu3 no3seossiem usbexamb cy6beKkmueHbix owuboKk uHmepnpemamopa, xomsi 6e3ycso8Ho 8 danbHeliwem Mo-
)xem nompe6oeambCsi KOPPEKMUPOBKa MOyYeHHbIX OaHHbIX C y4emoM Hasi@HbIX 2€0J102u4ecKux yciosul.

PaccyumarHble ckopocmu celicMuYyecKux 80JIH Gbisiu ucnosib3oeaHbl 011 pa3pabomku onmumasibHo20 epagha o6pabomku celicMu4ecKux
OaHHbIX. Mcnonb3oeaHue CKeaXXUHHbIX OaHHbIX NMo3eosisiem co3damb 60s1ee MOYHYH CKOPOCMHYI0 MoOesb Onsi 2ny6uHHoOU muz2payuu u u3be-
Xamb HeornpedesieHHocmel 8 oyeHKe ckopocmedl.

CelicMu4eckue u3obpaxeHusi, nosly4eHHble 8 pesynbmame o6pabomku u muzpayuu, 6bi1u UCMONb308aHbl NMPU UHMepNpemayuu u nomoaau
YMO4YHUMBL 2€0/102UYeCKyl0 cCmpyKmypy mecmopoxdeHuli npu6opmoeoll yacmu [JHenpoecko-fJoHeuykoli enaduHbl. CoepeMeHHoe npo2paMMHoOe
obecneyeHue u MemoObl UHMepnpemayuu celicMuyeckux 0aHHbIl 103680J151I0M 3Ha4UMesIbHO MO8bICUMb MOYHOCMb KapMupPOo8aHUsi U KOPPeKm-
HOCcmb onpedesieHuUs MeKMOHUYECKUX HapyweHUU.





