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Prediction of petrophysical characteristics of deposits
in Kurovdagh field by use of attribute analysis of 3D data
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The paper is devoted to predicting petrophysical parameters of productive series of Kurovdagh
field by use of attribute analysis of seismic data to define the direction of reconnaissance works in
this field. The paper considers geographical position of the study area, its cover by geological and
geophysical studies and underlines, in particular, the importance of 3D seismic data acquisition for
more detailed study of Kurovdagh structure. Lithological and stratigraphic characteristics of the
section is also given in the paper with detailed description of Productive Series deposits. In addition,
tectonics of the area is considered in more detail. It is noted that the area is attributed to the Low
Kur basin — the compound of the large tectonic unit. The tectonic zone of the south-eastern Shirvan
is embracing four anticlinal zones: Pirsaat-Khamamdagh; Kharami—Mishovdag—Kalmas—Khy-
dirly—Aghaevir-Byandovan; Kursangya; Padar—Kurovdagh—Karabaghly—Babazanan—Duzdagh-
Neftchala. The latter anticlinal zone is characterized by a significant length. In the north-western
part between the folds of Padar and Karabaghly the brachyanticline of Kurovdagh is located. In the
north it has the border with M. Kharami uplift, in the north-east with Mishovdagh fold, it borders with
Kursyanga anticline in the south-east and in the south-west with wide Salyan trough. In the Near-
Kur depression the existence of two tectonic stripes has been established. One of them embraces
the south-eastern Shirvan, the other covers the eastern Mughan and the western portion of Salyan
steppe. The detailed description of fold setting is given on the basis of 3D seismic survey data. It
has been indicated that the results of 3D data interpretation made it possible to study in more detail
and make changes in the scheme of faults location accepted earlier. The other problem considered
in the paper is the oil-and-gas presence in Kurovdagh field, which is related to the Absheron stage
of Pleistocene, Akchagyl stage and Productive series (horizons of PS01—PS20) of Neogene, with
lithology represented by sandy-clay rocks with various degrees of calcareousness. The structure of
each of indicated horizons is rather complicated and variable in lateral. The most complicated of
them is the Middle Absheron sub-stage, with identified 11 oil-bearing layers. Study results are given
in the end of the paper. For prediction purposes within the study area we have prepared normali-
zed curves of relative parameter of SP-ASP, gamma-log — dGR and resistivity by use of well logging
data. The analysis of dependence of seismic attributes on petrophysical parameters within target
interval, identified the low information bearing ability of SP method and gamma-log across the study
area and established a good correlation between resistivity curve and instantaneous amplitudes,
frequencies and dip angles. The clay cubes have been designed. To outline productive layers, we
have applied multidimensional filters with cut offs for reservoir and as a result we have acquired a
cube for supposed distribution of productive layers. It is emphasized that the conducted studies led
to the conclusion that due to the complexity and interference nature of the observed wave pattern
in some parts of the Kurovdagh structure, it was not possible to reliably convert the attributes of the
seismic wave field into petrophysical parameters.

Key words: oil-and-gas presence, post Pliocene and Pliocene deposits, structure, oil-and-gas
field, 3D seismic survey, horizons, seismic attributes.

Introduction. Kurovdagh field is located 120 km The field is located on the left bank of Kur river
to the south-west of Baku, in the Low Kur depres- and extends along the river from the north-west to
sion in Shirvan steppe of Azerbaijan [Alizade etal., the south-east. The mud volcano ridge is located in
2018]. The field is within the limits of Kur-South- this area and elongated parallel to the river chan-
Caspian oil-and-gas province (Fig. 1). nel starting from Hajigabul lake and further to the
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south. Theridge represents the plate, complicated
by a small ledge of well-cemented limestone-sandy
rocks of Absheron and Baku ages.

The first geophysical field-survey started in
Azerbaijan in 1927. The survey resulted in develop-
ment of general tectonic scheme of Near-Kur area.
The area has been repeatedly covered by studies ap-
plying various geological and geophysical techni-
ques, by 2D seismic survey, in particular. Some se-
ismic lines were worked out by use of reflection wa-
ve method through the period of 1946—1948.

Initially oil-and-gas flows have been obtained
in Kurovdagh field as a result of testing in apprai-
sal wells in 1955, followed by a wide use of seismic
survey applied for more detailed study of fold struc-
ture and commercial development of the field. In
1958 the seismic survey by reflection wave method
and correlational method of refraction waves cove-
red in general the north-west periclinal part of the
structure, which is complicated by longitudinal fa-
ults. Three seismic lines have been worked out in
1975 in the north-east subsided part of Kurovdagh
structure by CDP method. Starting from 1984 for ap-
proximately four years period (till 1987) the north-
eastern part of the area has been covered by seismic
CDP method, applied to reveal the elements of con-
jugation of Kurovdagh field with Mishovdagh struc-
ture. In 1987 it has been made clear that these struc-
tures are separated by a saddle. In 2002 for the first
time, VSP technique was applied by «PetroAllian-
ce» company in four wells located in the area. As a
result, it became possible to design more accurate
velocity model for investigated section and study in
more detail the structure down to horizon PS07 (in-
clusively) of Productive Series. In 2002—2003 the
seismic survey by use of 3D CDP technique has be-
en applied within the borders of Kurovdagh field
[Urupov, 2004].

Sedimentary cover across Kurovdagh field is
represented by post-Pliocene and Pliocene depo-
sits of Cenozoic era (Fig. 2). The modern and anci-
ent Caspian deposits, deposits of Absheron stage
show themselves at the surface. Akchagyl stage and
Productive Series deposits were recovered by deep
wells only [Abdullayev et al., 2012; Mamedov, 2008].
Productive Series, concentrating major oil and gas-
bearing targets, were recovered by a large number
of deep exploration and production wells. Produc-
tive Series is represented by alternation of sandy and
clay formations. According to the drilling results, in
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total 23 productive horizons were outlined in Pro-
ductive Series. The upper twelve of them derive the
interest as the possible oil and gas-bearing targets.

In the previous years the indexation of horizons
has been done by use of Roman numerals (I—XXIII)
orindices (ITT1—I1T23). Further with involvement
of foreign companies in the projects, the indexation
was changed and currently the productive horizons
are given the indices PS01—PS23 (PS — Productive
Series).

The study area is located in Low Kur depressi-
on— the compound of a huge tectonic unit Shama-
khy-Gobystan marginal trough. The following are
characteristics of evolution of the trough. The thick-
ness of sedimentary cover in this area is about 15—
16 km. The presence of two tectonic belts with eche-
lon-like location of folds have been outlined in the
Near-Kur trough. One of them embraces the south-
east of Shirvan, the other — the eastern Mughan and
the west part of Salyan steppe.

The anticlinal zone, including Kurovdagh, is
characterized by a large extension. In the north-
west part between the folds of Padar and Garabagh-
ly the Kurovdagh brachianticline is located. In the
north it borders with Small Kharami uplift, in the
north-east with Mishovdagh fold, in the south-east
with Kursyangya anticline and in the south-west
with a huge Salyan depression (Fig. 3).

3D seismic survey applied in the area allowed to
study the tectonics of the field through the all hori-
zons. According to the structural map for the top of
horizon PS01 of Productive Series the Kurovdagh fi-
eld represents the brachianticline elongated from
the north- north-west to the south- south-east with
extensions 22 and 5 km. The fold is asymmetric with
steeper south-west and gently-sloping north-east-
ern flanks. Dip angles in the north-western flank
is about 5—10°, in the central portion is up to 55°,
in the south-eastern flank is about 38°.

Subsided parts of flanks are severely complica-
ted by faults. Tracing of reflection horizons across
the area displayed that post-sedimentation tectonic
movements and faulting systems have significant
influence on their morphology.

Extension and compression deformations whi-
le large tectonic movements of the Earth's crust con-
tributed to evolution of faults. Relief of stress zon-
es led to destruction of the primary texture of lay-
ers and their spatial displacement relative to each
other. Results of these processes are traced on time
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Fig. 1. Geographical position of Kurovdagh field.

sections by a change of seismic and facies features,
break and displacement of synphase axes, which are
used as the search criteria while tracing of individu-
al faults along the seismic lines. The most elongat-
ed mapped faults are downthrown faults. Less elon-
gated are cross faults, which are forming separate
blocks.

In Kurovdagh field the presence of oil-and-gas
isrelated to the Absheron stage of Pleistocene, Ak-
chagyl stage and productive layers (horizons PSO1—
PS20) of Pliocene, represented by sandy-clay rocks
with a various amount of limestone in them. Cur-
rently, the commercial oil-and-gas presence is re-
lated to the middle and lower sub-stages of Abshe-
ron stage, Akchagyl stage and horizons PS01, PS02,
PS03, PS04, PS05, PS06, PS07, PS08, PS09, PS10 and
PS12 of Productive Series. Statistics shows that ex-
cept for listed horizons, the oil-and-gas flows were
received from underlying horizons PS13, PS14, PS16,
PS17 and PS19 of Productive Series.

Oil-and-gas presence across the area is signifi-
cantly influenced by complicated tectonic setting
of the area. The total extension of oil-and-gas ac-
cumulation area is 20 km, the maximum width of
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the area is 3 km. However, oil-and-gas zones are
significantly varying for some horizons. The major
oil-and-gas saturation zones were outlined in the
south-east part of the north-eastern flank and in the
most uplifted blocks of the arch portion of the area.
The commercial flow of gas has been obtained from
horizons PS09, PS08, PS01, PS02, as well as from the
targets of the Middle Absheron substage.

The present study aimed to solve the following
tasks: outline productive layers, define prognostic
distribution of the reservoir, evaluate the thickness
of productive layers class in two intervals: Akchagyl
+ 200 msec and Akchagyl + 400—600 msec.

Research questions. In the framework of this
study the tying up of the results of CDP-3D method
for Kurovdagh field has been done. Data acquir-
ed by use of CDP-3D in Kurovdagh field have be-
en applied for interpretation (Fig. 4). By use of the
cubes we have done kinematic and dynamic analy-
ses, which revealed the difference through the ti-
me shift, frequency spectrum and amplitude range
(Fig. 5). The cubes were reduced to the same type
for time, phase and amplitude.
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Fig. 2. Straticraphic column for the Kurovdagh field.

Since the acoustic log data are practically ab-
sent for Kurovdagh field and it is impossible to
calculate the synthetic curves of Acoustic Log due
toincomplete logging data from wells, the tying up
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was done on the basis of velocity model acquired
by use of VSP data from well 598.

Aim of the study. The main aim of this study
consists in prediction of petrophysical properties
of depositsin the intervals, including prediction of
target horizons in cross-hole area by use of seismic
data.

Methodology. The researches applied the
known procedures of dynamic analysis and PAN-
GEYA methodology for dynamic analysis of seismic
wave field. The methodology is based on the prin-
ciple of use of multidimensional relations between
seismic attributes and logging data, core analysis
and well tests. In addition to standard procedures
of dynamic analysis, such as the calculation of ins-
tantaneous attributes of seismic cube (Fig. 6), aco-
ustic impedance, velocity-depth model of the cube,
the cubes of Typification — Classification and Ta-
xonomy have been calculated [Ovcharenko et al.,
2002; Guliyev et al., 2010; Safanov et al., 2011; Akh-
medov et al., 2016].

Results. Seismic cubes conversion into cubes
of petrophysical parameters have been fulfilled by
use of Topology software of PANGEYA® software
package, which is based on multidimensional ti-
es between geophysical fields attributes and the
data, acquired by well logging data interpretation
[Barnes, 1993; Haase, Stewart, 2005; Guliyev etal.,
2010].

For study purposes within the study area by the
available well logging data the normalized curves
of relative SP-ASP (Spontaneous Polarization-gra-
dient of Spontaneous Polarization) parameter, Gam-
ma Ray — dGR (differential gamma-ay), and appa-
rent resistivity (AR) were prepared. The analysis of
dependence of seismic attributes on petrophysical
parameters in the target interval has been done. The
analysis established low efficiency of SP and GR in
the area and established a good correlation betwe-
en resistivity curve with instantaneous amplitudes,
frequencies, and dip angles (Fig. 7—9).

Evaluation of initial wave field and procedure
for improvement of signal/noise ratio enabled us to
obtain good seismic record in Productive Series and
made it possible to acquire the above-mentioned
cubes of seismic parameters within the interval of
Productive Series with discretization step 2 msec

[Crawford, Medwedeff, 1999; Lees, 1999; Pedersen
etal., 2002; Korneev et al., 2004; Iske, Randen, 2005].
With some assumptions we have used the normali-
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Fig. 3. The echelon arrangement of folds in the southeast of Shirvan.

zed curve of gamma-log — dGR to outline the san-
dy part of the section.

Prediction results by use of well data made it pos-
sible to derive clay cubes (Fig. 10).

To define productive layers class by integration
of these two methods we have applied multidimen-
sional filter [Ampilov, 2004; Shimansky et al., 2011]
and obtained the cube of supposed distribution of
productive layers class.

_)
Fig. 4. General map of the area studied by seismic survey
CDP-3D.
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Conclusion. The independent system analysis
of all data available for the field made it possible
to valuate the importance of various assumptions
allowed in petrophysical model.

There has been developed an approach to the
elements of procedure applied for setting of struc-
ture and parameters of algorithms of optimization

inversion. It should be noted, that the spatial pre-
diction in productive interval made it possible to
reliably fulfill the inversion of features of analyzed
seismic wave field into petrophysical parameters
and more accurately define the setting (geometry)
of reservoir layers. It is impossible to say the same
about the arc and near-arc portions of the structure,
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where due to fragmentation of these parts of the
fold and complex interferential nature of observed
wave pattern the dynamic range in the target inter-
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IIporHo3yBaHHS HAPTO(i3NYHMX BAACTUBOCTEN BiAKAAAIB
KiopoBAarcbKoro poAoOBMiiia y pe3yAbTaTi aTpudyTHOrO
aHaaizy 3D celicMIiYHMX AQHUX

T.P. AxmeaoB, M.A. AraeBa, 2022

AzepOalipKaHCHbKUY AepP KaBHUN yHIBepCUTeT Ha(pTu i mpoMucaoBocTi, baky, AzepOaipkan

Hapitmina 4 kBitHs 2022 p.

VY cTaTTi HaBeAeHO IIPOTHO3YBaHHS HA(PTODI3NUHUX BAACTUBOCTEN IIPOAYKTUBHUX POAOBHII
KiopoBAArcbkoro poAOBHUINa 3a aTPUOYTHUM @HAAI30M CeMCMIYHUX AQHUX 3 METOIO0 BU3HAUEHHS
HAIpPSMIB AOAATKOBOI pO3BiAKU. PO3rAgHYTO reorpadivyHe OAOKEHHS AOCAIAKYBAHOI MiCIIEBOCTI,
1l reoAOro-reoi3u4He BUBUEHHS, TEKTOHIKY, II0OKa3aHO BaKAUBICTb 3D CelCMIYHOI PO3BIAKY IIpU
yTouHeHHi 0yA0BU KIopoBAArchbkoi cTpyKTypu. OnucaHo AiToAOTiYHO-cTpaTurpadiuny OyAOBY Al-
ASHKY, CXapaKTepPU30BaHO ITOKAGAU IIPOAYKTUBHOTO 11apy. [1ro1a AOCAiAKEHE 3HAXOAUTECS Y Me-
Jkax HIKHBOKYPHHCHKOI 3allaAHA — CKAQAOBOI YaCTHHY BEAMKOI TEKTOHIUHOI OAMHMUILI. TeKTOoHIu-
Ha 30Ha IiBAeHHO-cxipHOTro 1lIpBany BKAIOYa€E YOTUPH aHTUKAIHaABHI Togcu: [TipcaraT-Xamamaar;
Xapami—MimoBopar—Kansmac—Xanpupai—AraeBip-bauposas; Kypcanra; ITapap—Kropos-
Aar—Kapabaran—babazanan—Ays3par-Hedrexana. ¥V nmiBHIYHO-3axipAHIM dacTuHi [TIupBany MixX
ckrapkamu [apapa i Kapabarai posmimyerses KropoBaarcbka OpaxiaHTUKAIHAAB, Ha miBHOUI BOHA
MeJXye 3 MAHATTAM Maauit Xapami, Ha MiBHIYHOMY CXOAL — 3 MIIIOBOACBEKOIO CKAGAKOIO, Ha IIiB-
AEHHOMY CXOAl — 3 @aHTUKAIHaAAIO KypcaHra, a Ha TIBAEHHOMY 3aX0Ai — 3 BeAUKOI0 CaAbSIHCBKOO
Aelpeciero. AeTaAbHUN ONIUC CTPYKTYPU CKAAAKY KIOPOBAAT HaBEAECHO 38 AQHUMU CeUCMIUHOI p03-
Bipku 3D. 3a3HaveHO, IO Pe3yAbTaTH iHTepIpeTallii MaTepianiB 3D-3HIMaHHA AQAW MOJKAUBICTB
ICTOTHO YTOYHUTH paHillle IPUUHATY CXeMY PO3AOMIB L€l CTPYKTYpH. HaBeAeHO KOPOTKUM OIHC
BMicTy Ha(pTH i ra3y Ha Kroposaarcskomy popoBuiti. Ha A0CAiAKYyBaHIN MAOLL IOMIUPeH] HadTo- i
Ta30HOCHI BiAKAGAY a0IIepOHCHKOr0 IpyCy IAEUCTOIIeHY, @ TAKOK aKYaruACBKOTIO IPyCy i IPOAYK-
TUBHOI TOBII[i IIAIOIEHY, SIKi AITOAOTIUHO penpe3eHTOBaHi MilJaHO-TAUHUCTUMU TIOPOAAMHU 3 Pi3HUM
cTyneHeM BanHAHOCTI. CTPyKTypa KOKHOTO 3 ITUX TOPU30HTIB AOCHUTE CKAGAHA i 3@ AaTePaAAIO MiH-
AMBa. HallCKAQAHIIINM 3 HUX € CEpeAHbOAOIIEePOHCHKUY ITIA'APYC, Y MeXKaX SKOTO BCTAHOBAEHO 11
HaroHOCHUX 1apiB. CHOPMYyABOBAHO METY AOCAIAJKEHHS Ta METOAOAOTIIO IPOBEAECHOI HAYKOBO-
AOCAIAHOI poOOTH. AASL MPOTHO3YBAHHA y MeKaxX 3a3HAueHOl IAOII 3 BUKOPUCTAaHHAM HasfBHUX
MaTepianiB reoisuuHOro AocAipKeHHs cBepproBUH (IAC) 6yAu miAroToBA€HI HOpMaaAi3oBaHi Kpu-
Bi BIAHOCHOTO TapaMeTpa, FaMMa-KapoTaKy — dGR i onopy. AHaAi3 3aAeKHOCTI CeliCMIYHUX aTpU-
OyTiB Bip IeTpoi3nYHUX IapaMeTpiB y IiALOBOMY iHTepBaAi T0Ka3aB HU3bKUM iH(MOPMalinHUN
BMicT MeToAy I1C i raMMa-KapoTasKy 3a IAOILE0, @ TAKOJK BUIBAEHO XOPOIINY 3B' 430K KPHUBOI OTIOPY
3 MATTEBUMU aMIIAITYAAMH, YaCTOTAMU 1 KyTaMy HaxuAy. OTpUMaHO KyOu TAMHUCTOCTI. BaraToBu-
MipHUH (PIABTP 3 KOAEKTOPHUMU BiACIUKaMU OYAO BUKOPHUCTAHO AAS I30AIIT IPOAYKTUBHOTO KAACY
3a KOMIIAEKCOM ITUX ABOX METOAIB — OTPUMAaHO Ky0 PO3PaxyHKOBOI'O PO3IIOAIAY BKA3aHOTO KAACY.
B pesyabTaTti AOCAIAKEHE 3p0OAEHO BUCHOBOK, 1110 Yepe3 CKAaAHICTh i iHTepepeHIIifiHIN XapaKTep
CIIOCTEPEe’KYBaHOTO XBUABOBOTO MaAIOHKA B AeSKMX YaCTHHAX CTPYKTYpHu KiopoBaara He BAAAOCS
HQAIMHO [IePEeTBOPUTHU aTPUOYTH CEUCMIUHOTO XBUABOBOTO IIOA] Y IETPO(i3NYHI ITapaMeTpH.

Karouosi caoBa: BMicT HahTH i a3y, IOCTIAIOIIEHOBI i TAIOIIEHOBI POAOBHINA, CTPYKTYPa, Had-
TOrazoBe popoBulle, 3D celicMiuHa PO3BiAKA, CBITAO BiAOWBHI TOPU30HTH, CEUCMIUHI aTPUOYTH.
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