FEONOrISA. 1(108)/2025 ~61~

UDC 54.027:546.22:549.76:551.44
DOI: http://doi.org/10.17721/1728-2713.108.08

Tofik AHMADOV, DSc (Geol. & Mineral.), Prof.

ORCID ID: 0000-0003-0634-5600

e-mail: akhmedov.tofik@bk.ru

Azerbaijan State Oil and Industry University, Baku, Azerbaijan

Amikishi ASADLI, Doctoral Student

ORCID ID: 0009-0003-0711-8028

e-mail: amikishiasadli@gmail.com

Azerbaijan State Oil and Industry University, Baku, Azerbaijan

IMPROVING THE VISUALIZATION OF THE GEOLOGICAL STRUCTURE
OF THE HOVSAN AREA, AZERBAIJAN USING VSP

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, npog. C.A. Buxeoro)

Background. Increasing the resolution (both vertical and horizontal) of land and borehole seismic exploration is an urgent task
facing geophysicists. There are various ways to increase the resolution of seismic studies, among which inelastic absorption takes a
special place. This method has not been widely used compared to other methods (for example, distribution of the total charge of
explosives over smaller ones, i.e., grouping of sources, inverse filtering - deconvolution, etc.) due to the limited amount of information
about inelastic absorption and the difficulty of determining it or the quality factor of the environment. Important information for determining
the quality factor of the medium and inelastic absorption is provided by borehole seismic exploration, in particular, VSP (vertical seismic
profiling). The recent VSP at well N 1856 of the Govsan area made it possible to determine the inelastic absorption of the medium from
well observations and thereby restore the weakened higher frequency components of the seismic wave field, which made it possible to
quite significantly change the observed wave pattern on time sections, enriching it with high frequency components and thereby
increasing the resolution of surface as well as borehole seismic data. This research aims to improve the vertical resolution of land and
borehole seismic exploration using vertical seismic profiling data on inelastic absorption of the geological medium.

Methods. Based on the VSP data, the effective quality factor Q parameter was determined. For this purpose, the entire recorded
VSP interval was divided into 4 parts.

Results. The entire recorded VSP interval was divided into four parts: the full interval (~324-4500 m measured depth) for
determining the effective quality factor Q, and three sub-intervals — upper (~324-1887 m), middle (~1803-3799 m), and lower (~3814—
4500 m) — for calculating interval values of the quality factor. After determining Q for each interval, the average effective quality factor
Q=145 was obtained and applied to restore attenuated frequencies on seismic time sections and the vertical component Z of the VSP
profile. A comparison of the original and processed seismic time sections after Q=145 filtering shows significant improvements in
resolution. The restoration of high-frequency components in seismic records has notably enhanced the clarity of both surface seismic
and VSP time sections. The results confirm that applying VSP-derived quality factor parameters can be highly effective in land seismic
data processing.

Conclusions. The application of Q-filtering with an effective quality factor of Q=145 has significantly improved the
resolution of both surface seismic and VSP time sections. The results demonstrate the effectiveness of utilizing certain VSP
parameters in land seismic processing. Additionally, restoring attenuated high-frequency components enhances data clarity and
interpretability. The use of the quality factor can be integrated at different processing stages, with its optimal application

determined experimentally to achieve the best results.

Keywords: Vertical Seismic Profiling (VSP), inelastic absorption, quality factor, surface and borehole seismic exploration, time

intervals, seismic time sections.

Background

The paper is devoted to the studies which covered the
Hovsan field in the Absheron oil and gas region of
Azerbaijan, as this field is featured by rather complicated
seismic and geological conditions, as well as complex
reservoir properties, and in recent years it has been one of
the intensively developed onshore fields in Azerbaijan.
Despite the fact that this field was discovered in 1948 and
production here started since 1950, its reserves have not yet
been exhausted, especially in the underlying layers of
Productive Series. It is known that as study depth increases,
the resolution of seismic survey deteriorates and the
problem of its improvement becomes urgent (Alizade et
al.,1966; Akhmedov et al, 2012).

The Hovsan field is located on a coastal plain covered
by ancient Caspian sediments in the southern part of the
Absheron Peninsula of Azerbaijan (Fig. 1).

Method

The geological setting of this field has been repeatedly
studied by use of various geological and geophysical
methods. Over the years, geological survey, exploration
drilling and deep drilling, gravity and seismic surveys were
carried out in the area. The last 2D CDP seismic surveys
were carried out here in 2004. Studies by VSP were held
here in 2010, and in 2011-2012 this area was covered by
3D seismic survey (Akhmedov et al, 2012). Located in the
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northwestern and western parts of the area, the Surakhany
field has been under production since 1904, the
Karachukhur field since 1928, and the Zykh field since 1935.
Later, in 1948, an oil field was discovered in the Qala suite
in Hovsan area.

According to seismic data acquired from the lower part of
Productive Series, including Qala suite, the Hovsan area is
located in the southwestern side of Hovsan syncline and is
characterized by a monoclinal occurrence of layers (Fig. 2).

Hovsan oil field belongs to the distant eastern
subsidence of the Karachukhur-Zykh uplift. Here, the rocks
of Qala suite buried with a sharp angular unconformity on
the eroded surface of the Pontian, wedge out upward along
the uplift or adjoin the fault planes. Apparently, the presence
of an ancient (Miocene age) small protrusion in the areas of
Qala suite presence caused a decrease in the thickness of
these deposits.

It is assumed that the accumulation of oil in the anticlinal
trap is associated with facies replacement. By deep drilling
the ancient Caspian deposits, Absheron, Akchagyl,
Productive Series and partially the Pontian were recovered
and studied. Pontian deposits with a thickness of 10—-36 m
were recovered in wells No. 1308, 1810, etc. Here these
deposits are represented mainly by clays. Available deep
drilling and seismic data do not allow to design the correct
geological model of oil traps for Qala suite in Hovsan area
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(Akhmedov et al., 2012). Oil accumulations can presumably
be associated with lithofacies changes and low-amplitude
faults. For the last years the attention of geoscientists has
also been focused on Miocene deposits, represented in the
clay facies with sandy interlayers and located in
overpressure zone. The diagram of Zykh-Hovsan area
coverage by deep drilling is shown in Fig. 3.

The lithological and stratigraphic characteristics of
geological section in Zykh-Hovsan area were studied by the
data of deep drilling. In this area mainly Neogene deposits

Caspian Sea

of the ancient Caspian Sea, rocks of the Absheron and
Akchagyl stages, Productive Series and partially Pontian are
developed. Miocene rocks are underlying the Pontian.

According to the “International Tectonic Map of the
Caspian Sea and its Framing” edited by V. E. Khain et al.,
the study area is located within two large structural
elements: the Kur (northern part) and the South Caspian
(southern part) depressions. In the south of the area, the
South Caspian depression is complicated by the Absheron-
Gobustan trough (Alizade et al., 1966).

o
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Fig. 1. Layout of the Hovsan structure on Absheron Peninsula
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Fig. 2. CDP time section (2D seismic survey of Hovsan area)
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Fig. 3. Scheme of exploration of Hovsan area by deep drilling
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Hovsan area constitutes the part of East Absheron
synclinorium and embraces Zykh portion of Garachukhur-Zykh
anticline, Hovsan area and partially, the Bina-Hovsan syncline.

Garachukhur-Zykh anticline is the extreme, southern, rise
on land of the Sarygayabashi-Shah-Deniz anticline zone, to
which the largest oil and gas fields of Azerbaijan are attributed.

Results

Determination of inelastic absorption makes it possible
to use Q-filtering in order to restore the absorbed high-
frequency components of the seismic record and increase
the visual resolution of both surface seismic data and VSP
(Boganik, & Gurvich, 2006; Galperin, 1982; Galperin, 1994;
Andersen, Bartling, & Nelson Jr., 2014; Lensky et al., 2014;
Lensky et al., 2020). In the best way, the quality factor is
determined from the VSP vertical profile data and then used
in the processing of land seismic survey data (Tabakov et al.,
2006; Shekhtman, & Bayuk, 2015; Sherif, & Geldart, 1987;
Bourbié, 2006; Shneerson, & Zhukov, 2013/2014; Bakulin,
2003). The determination of the quality factor is based on the
analysis of measured amplitudes of incident P-wave at
different levels, between which the quality factor parameter
is determined. Fig. 4 demonstrates changes of amplitudes
of seismic longitudinal waves with depth (or with time) and
depth intervals, for which the quality factor is evaluated. It
should be noted that the ratio of recorded (observed)
amplitudes is a complex function of large number of
conditions, ranging from field, or more precisely downhole,
to the type of equipment and applied processing algorithms.
Therefore, the numerical value of determined quality factor
Q is a mathematical parameter rather than a physical one,
which could be measured in “laboratory conditions”. That is
why the values of quality factor Q determined for the same
horizons within the same field can differ significantly
(Hardage et al., 2011; Maultzsch et al., 2009). However,
their importance consists in the fact that by applying these
mathematical parameters to compensate for inelastic
absorption, the obtained results are correct and adequate
from the point of view of increasing the apparent resolution
of seismic sections.
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The field of incident P-waves was extracted from the
vertical component of the VSP longitudinal profile using a
15x1 filter. Then, the entire recorded VSP interval was
divided into 4 parts: the full interval ~324-4500 m of
measured depth — to determine the effective quality factor
Q and 3 components (parts) of the full interval: the upper
(~324-1887 m of measured depth), middle (~1803—-3799 m
of measured depth) and lower (3814—4500 m of measured
depth) to determine the interval values of quality factor
(Fig. 5). The depths of component intervals were selected
based on the number of columns (one or two) to maintain
identical conditions for recording of seismic amplitudes. To
determine the quality factor Q, two of the most stable and
commonly used inversion algorithms were used: spectral
ratio and iterative-spectral methods (multiple spectral ratio).
The following values of quality factor Q were obtained:
~142-155 for the entire VSP interval, ~75-85 for the middle
interval and ~33-38 for the lower interval. The inversion for
the upper interval was unstable and adequate results could
not be achieved. The most likely reason for this is the fact of
recording in a double column and the complication by pipe
waves affecting the amplitudes of the first arrivals, which is
critical in this case. In general, the inversion was stable. In
addition, determination of the quality factor from the non-
longitudinal VSP (NVSP) profile by spectral and iterative
spectral methods revealed very similar values. And
although, according to the theory, NVSP cannot be used to
determine the quality factor, this still adds confidence in the
adequacy of certain values.

An average effective quality factor Q=145 was used to
reconstruct the attenuated frequencies in the seismic time
sections and the vertical component Z of VSP profile.

The original time section of land seismic survey is shown
in Fig. 6a and its change after filtering with a quality factor
Qp=145 in Fig. 6b. It will be interesting to trace changes in
the VSP time section while taking into consideration the
inelastic absorption of the medium.

Fig. 7 shows the results of applying filtering with a quality
factor Qp=145 to VSP data.
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Fig. 4. Determination of the quality factor Qr of the incident longitudinal wave according to VSP data:
Qp of the entire section varies as 142-145, Q; of the middle part of the section =75-85 and Qp of the lower part of the section =33-38
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Fig. 6. Time sections of land seismic survey:
a — original, b — after applying filtering with quality factor Qp=145
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Fig. 7. VSP time sections:
a-original, b—after applying filtering with quality factor Qp=145

Restoring of relatively weak components of seismic
records significantly increases the resolution of VSP
(Fig. 7, b).

Discussion and conclusions

The results of Qp filtering display significant
improvement of seismic survey resolution, which clearly
demonstrates the effective possibilities of use of some VSP
parameters in processing of surface and borehole seismic
data. Also, it should be noted that the use of quality factor
can be carried out at different stages, which is often
determined by the experiment to achieve the best results.

It can be seen, that the inelastic absorption parameter
(quality factor Qp) was calculated for various VSP intervals.
Qp filtering using the calculated values showed a significant
increase in the resolution of seismic records of both land
seismic time sections and VSP data.
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NONINLWEHHA BI3YANI3ALII FEONONYHOI CTPYKTYPU PAUOHY FOBCAH, ASEPBAVXAH,
3A JOMNOMOIolo VspP

B cTyn. lideuuweHHs po3dinsHoi 30amHocmi (AK eepmukasibHOl, makK i 20pU30HMasnbHOI) Ha3eMHOi ma ceepA/I08UHHOI celicMiyHOT po3e8idku
€ akmyanbHUM 3a80aHHsIM, W0 cmoimb neped 2eogizukamu. IcHyromsb pisHi MemoOdu nideuuwieHHs1 po3dinbHoi 30amHocmi celicMiyHux AoclidXeHb,
ceped siKux ocobnuse micye nocidae epaxyeaHHs HeeslaCMUYHO20 Mo2sluHaHHsA. Ljeli MemoOd He ompumMae WupoKo20 Po3M08croOKEeHHS MOPI8HSIHO
3 iHwumMu memodamu (Hanpuknad, po3nodin 3a2asnbHo20 3apsdy eubyxoeux pe4yoeuUH Ha MeHWwi, Mo6mo 2pynyeaHHs1 dxepesi, 3860pomHa pinbmpa-
yist — deKkoHeoMOYisi mowo) yepe3 obMexeHy Kinbkicmb iHghopmauyii npo Heenacmuy4He No2sauHaHHA Ma cKiadHicmb io20 8u3Ha4YeHHs1 abo oyiHKu
ghakmopa sikocmi cepedoeuwja. Baxnuey iHghopmayito Onsi eusHavyeHHs1 ¢hakmopa sikocmi cepedosuwsa ma HeeslacmMuUu4yHO20 MO2/IUHAHHSI Hadae
ceepdsi08UHHa celicMOpPOo38iOKuU, 30KpeMa eepmukasibHe celicmiyHe npogpintosaHHs (VSP). HewodasHe npoeederHsi VSP y ceepdnosuHri Ne 1856
patioHy oecaH dasio 3Mo2y eu3Ha4umu Heesacmuy4He NMo2JUHaHHs1 cepedoesuuia 3a pesysibmamamMu ceepOsIO8UHHUX CIIOCMEPEeXeHb i, MakKuM Yu-
HOM, eiOHoeumu ocniabneHi sUCOKOYacMOMHi KOMMOHeHMU celicMiYHO20 XeusIbo8o2o nosis. Lje 3Ha4yHO noninwuno cnocmepexyesaHy Xeusbogy
KapmuHy Ha Yacoeux po3pi3ax, 36azamuewu ix eUCOKOYacCMoOMHUMU KOMITOHeHMamu ma, eidnoeioHo, nideuwjuewu po30inbHy 30amHicmb sIK Ha-
3eMHuXx, mak i ceepOnoeuHHuUx celicMidHux 0aHux. Memoro ybo020 OocniOKeHHs1 € NoninweHHs1 epmukasnbHol po30inbHoi 30amHocmi Ha3eMHol ma
ceepds108uUHHOI celicMopo38idku 3a AornomMo20t0 AaHUX eepMuUKasibHO20 celicMi4YHO20 npogintoeaHHs1 w0480 HeesracmMuYyHO20 MNo2JIUHaHHS 2e0s102i-
4HO20 cepedosulja.

Me Toaun. HaocHoei daHux VSP euzHavyeHo napamemp egpekmueHo20 ghakmopa sskocmi Q. [ns ybo20 eecb 3apeecmpoeaHuli iHmepean VSP
nodineHo Ha Yomupu 4YacMuHu.

Pe3ynbTaTtun. Becb 3apeecmposaHuli iumepean VSP nodineHo Ha Yomupu YacmuHu: NogHul iHmepesan (~324-4500 m anubuHu) ons eu-
3HavyeHHs1 ehekmueHo20 ¢hakmopa sikocmi Q ma mpu nidiHmepeanu — eepxHili (~324-1887 m), cepedHili (~1803-3799 m) i HwkHil (~3814-4500 m) —
Ons1 po3paxyHKy iHmepeasnibHUX 3Ha4yeHb ghakmopa sikocmi. [licns eusHayeHHs1 Q Onsl KO)XXHO20 iHMepeaasly ompuMaHo cepedHE 3Ha4YeHHs1 eghekmue-
Ho20 ¢hakmopa sikocmi Q=145, sike 6yno 3acmocoeaHo 07151 8iOHOBJIeHHs1 ocn1abrieHUX Yacmom Ha 4acoeux celicMiYHUX po3pi3ax ma eepmukasnbHOT
komnoHeHmu Z npogpinto VSP. lNopieHsiHHA euxiOHUX ma o6pobrieHUX 4acosux celicMi4YHUX po3pisie nicnsi 3acmocyeaHHs Q-pinbmpauii 3 Q=145
deMoHCcmpye cymmeee nosinweHHs po30dinbHoi 30amHocmi. BiOHoeneHHs1 sUCOKOYacMOMHUX KOMMOHeHmM y celicMiYHUX 3anucax 3Ha4Ho noJin-
wusto Yimkicme sik Ha3eMHuUXx celicMiyHux, mak i VSP-4yacoeux po3pisie. Pesynbomamu niomeepdxyromb egheKmueHicmb 8UKOPUCMaHHSI napamem-
pie ¢gpakmopa sikocmi, ompumaHux i3 VSP, y npoyeci 06pobku HazeMHuXx celicMiyHUX aHux.

BucHoBEKU. 3acmocyeaHHsi Q-gpinbmpauii 3 epekmueHum ghakmopom sikocmi Q=145 3Ha4yHo noninwuno po3dinbHy 30amHicmb sIk HazeM-
Hux, mak i VSP-yacoeux po3pizie. OmpumaHi pe3ynbmamu 0eMOHcmpyoms eghekmueHicmb euKkopucmaHHsi neeHux napamempie VSP y npoueci
06po6ku HazeMHux celicMiyHux docnidxeHb. Kpim mozo, eiOHoeneHHs1 ocnabneHuUx eUCOKOYacmMomMHUX KOMMNOHeHmM nideuulye Yyimkicms ma iHme-
pripemoegaHicmb daHux. BukopucmaHHsi ghakmopa sikocmi Moxke 6ymu iHmezapoeaHe Ha pi3Hux emanax o6po6ku, a onmumasnbHi yMosu io2o 3acmo-
CcyeaHHs1 sU3Ha4alombCsl eKcrepuMeHmarsnbHo Ossi Aocsi2HeHHs1 Halikpauwjux pesysibmamie.

Knio4yoBi cnoBa: eepmukanbHe celicmiyHe npogintoeaHHsi (VSP), HeenacmuyHe no2iuHaHHs, ¢gpakmop sikocmi, HazeMHa ma ceepdsio-
B8UHHa celicMopo3eidka, Yacoei iHmepeasnu, yacoei celicMi4Hi po3pi3u.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CNoHcopu He Bpanu yyacTi B po3pobneHHi AoCniaxXeHHs; y 36opi, aHanisi umn
iHTepnpeTaLii AaHVX; y HAaNMUCaHHi PyKOMuCy; B pilLeHHi Mpo nybrikavilo pe3ynbTaris.
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