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EXTRACTION OF SYSTEMS AND FRACTURE ZONES IN COMPLEXLY
STRUCTURED RESERVOIRS IN GEOTERIC SOFTWARE USING LOGGING DATA
AND LABORATORY ANALYZES OF CORE SAMPLES

IKCTPAI'NPOBAHHUE CHUCTEM H 30H TPEHIMHOBATOCTH
B CJOKHO-ITIOCTPOEHHBIX KOJ/IVIEKTOPAX B ITPOI'PAMMHOM
OBECIIEYHEHHUU GEOTERIC C IIPUBJIEYEHUEM JAHHBIX KAPOTAXKA
N JIABOPATOPHbBIX AHAJIM30B OBPA3IIOB KEPHA

KGEOTERIC BATJAPTAMAJIBIK KAMTAMACBI3/IBIKTAT'BI KYPAEJIT
KYPbBLJIBICTBI KOJVIEKTOPJIAPIA KAPOTAX MOJIIMETTEPIH ’KOHE KEPH
YJITJIEPIHIH 3EPTXAHAJIBIK TAJIIAYJIAPBIH ITAVJIAJTAHA OTBIPBIII
JKAPBIKIIAKTAHY )KYWUEJEPIH )KOHE BEJIJIEMJIEPIH BOJTY

Possibilities of up-to-date software for identifying and tracing
of tectonic disturbances were experimentally studied from the
sediments of the Tournaisian stage of one oil and gas field in the
Caspian depression.

Faults, fractured systems and zones were extracted from the
colour summation cubes and spectral decomposition in GeoTeric
software using seismic data from CDMP-3D in the automatic
mode.

There is a high degree of correlation between the fracture
porosity parameters determined using various methods of well
and laboratory analysis (acoustic logging, laboratory core studies,
interpretation of FMI data) with the lateral distribution of the values
of'the fracture corridor density cube using CDMP-3D seismic data.

Keywords: field, seismic, faults, dynamic analysis.

Ilo oTnoXkeHusAM TypHEHCKOTO Apyca OJHOTO MECTOPOXK-
JICHUsI YIIeBOJ0ponoB B IIpukactuiickoil BIaJiHe B SKCIEPHU-
MEHTAJIbHOM INOPSIIKE U3y4YE€Hbl BO3MOXKHOCTH COBPEMEHHOIO
MIPOrPaMMHOTO 00€CIIeUeHNS TI0 BBIICICHUIO U TPACCHPOBAHUIO
TEKTOHHYECKNX HApyIICHHUH.

B nporpammuom obecriedennn GeoTeric mo TaHHBIM celic-
mopassenkn MOI'T-3D B aBTOMaTHdecKoM pexnMe H3 KyOoB
LIBETOBOI'O CYMMHUPOBAaHUA U CHeKTpaHbHOﬁ JACKOMITO3UIIUHU
9KCTPATUPOBAHBI PA3JIOMBI, CHCTEMBI U 30HBI TPEIIHOBATOCTH.

HabGmronaetcst BEICOKast CTENEHb KOPPEISIIUH ITapaMeTpoB
TPELIMHHONW MOPUCTOCTH, OMPEAETIECHHBIX C HCIOIb30BAHUEM
Pa3INYHBIX METOMOB CKBAXXMHHOTO M JIAOOPaTOPHOTO aHAIM3a
(akycTuueckuii Kaporax, J1abopaTopHble MCCIEN0BaHHs KEepHa,
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uHTepnperanus faHHelx FMI), ¢ narepanbHbIM pacnpeneneHueM
3HaueHUH KyOa IUIOTHOCTH TPEIIMHHBIX KOPUIOPOB MO JaHHBIM
cericmopassenku MOI'T-3D.

Knioueswie cnoga: celicmopasBesika, OTpaXkKarolHi TOPH30HT,
TEKTOHUYECKUE HAPYLIEHUs], AMHAMUYECKUN aHAIIN3.

Kacnuit MaHbI OWIIaTBIHAAFEI Oip KOMipCyTeri KeH OPHBIHBIH
TYpHE# SIPYCBHIHBIH IO HAUIePiH/Ie TEKTOHUKAJIBIK OY3bLTBICTAPIbI
Oeuty sxoHe Tpaccanay OobIHIIIA Ka3ipri 3aMaHFbI OaFaapaMalbIK
KaMTaMachl3 eTy[iH MYMKIHJIIKTepi dKCIEPUMEHTTIK TYpAe
3epTTEN/Ii.

OTHO-3D ceiicmukanslk Oapiay aepekTepi OoibiHIIa
GeoTeric 6arnapiaMacsiH/a TyCTepi KOCY/IbIH KyOTapbIHaH JKoHE
CHeKTpJ'liK JCKOMIIO3UIUAJaH aBTOMATThI PEXUMAEC KapblUIbIMIap,
JKapBIKIIAKTBUIBIK XKYHenepi MeH aiiMaKkTapbl SKCTPAarupiIeHIeH.

OTHO-3D ceiicmukansik Oapiay aepekTepi OoibIHIIa
JKapBIKIIAKTHI JIANi3ep THIFBI3ABIFBIHBIH Ky0 MOHIEpiH JiaTe-
pajibAbl 69HyMeH YHFBIMAJIBIK KOHE 3€PTXaHAJIBIK TaJaAaydblH
(akycTHKaNBIK KapOTaXkKFa, KePHHIH 3epTXaHANBIK 3epTTeylepiHe,
FMI nepexTepiH mHTepmpeTanusiayFa) apTypi dJicTepin
naijanaHa OTBIPBIN aHBIKTAIFaH XKapPBIKIIAKThl KEYyEeKTIiK
napamMeTpliepiHiH KOpPeNsUsIChIHBIH KOFaphl JIdpexeci
Gaiikamaspl.

Tyitinoi ce3dep: celicMMKanblK Oaprnay, IIaFbUTBICTBIPYIIIEI
TOPHU30HT, TEKTOHUKAJIBIK OY3bUIbICTAP, TMHAMHUKAJIBIK TaJIIay.

Development of complexly structured oil and
gas reservoirs with the developed fault systems and



intensive fracturing is a priority task of the up-to-date
exploration process. The key role in solving this issue
is given to the construction of a bulk geological model
using CDMP-3D seismic data.

The actual bulk geological modelling consists of
two stages. The first is aimed to construct the structural
framework of oil and gas (O&G) fields with elements
of tectonic disturbances. The second one is to study
the reservoir properties and lithofacies that fill this
framework of rock units.

The construction of the structural framework of
0&AG fields and oil-and-gas-promising areas includes
identifying the separating boundaries based on changes
in the values of the acoustic stiffness of the geological
environment and identifying the fault planes that
determine the modelling objects fragmentation.

The construction of boundaries in the framework
model in up-to-date software implies no particular
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Figure 2 — Visualization of fracture corridors
with superimposed tectonic disturbances
substracted manually (pink colour) for C\t
horizon
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obstacles, especially with the drilling data at hand,
and acoustic impedance has consistently high values
along reflecting boundaries.

The situation is complicated at fault zones and the
development of fracturing systems that are critical at
all stages of the exploration process, ranging from
geological modelling and predictive O&G production
calculations to planning the design well paths.

In order to solve this problem, automatic (semi-
automatic) methods for tracing horizons, faults and
fracture zones have been developed, introduced and
are widely used; these methods are based on using the
surface and bulk seismic attributes, coherence cubes
and spectral decomposition according to CDMP-3D
seismic data [1-4].

They are applied to estimate coherence and
discontinuity of seismic wave packets of reflected
waves that characterize the presence of faults, fractured
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Figure 1 — Tectonic disturbances substracted
manually (pink colour) and by the spectral
decomposition cube (green colour), C t horizon
(15Hz, 17Hz, 20Hz)
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Figure 3 — Visualization of the fracture corridor
density with superimposed tectonic disturbances
substracted manually (pink colour) for Ct

horizon

Figure 4 — Distribution of average values of
fracture corridors in the interval of 10ms from
the roof of the C t horizon with superimposed

wells, in which the fracture porosity was
calculated according to the method of the nuclear
geology institute

. @ - Value of the average fracture porosity for the interval per well logging data
(nuclear geology institute)

Figure 5 — Distribution of average values of the
density of fracture corridors in the interval of 10ms
from the roof of the C|t horizon with superimposed
wells, in which the fracture porosity was calculated
by the method of the nuclear geology institute

. Q- Value of the average fracture porosity for the interval per well logging
(nuclear geology institute)

50



Average fracture
porosity per well

Teonoeus u oxpana nedp. 2019. Ne 3 (72)

logging data, %
1y

| Curve Letecnon. L
| Eaamors tm Fagemscn b
= peach 1
/ RS T
0w pea
| O prachh |}
u 0= Weae
: b + 2 | B — e
. ) peasbea
® = =y ey | H
. . / ) l " Cammrtoml Loast S-aames Fi
- -

Average value

from fracture
corridor density

OWFO1_Dure_owg_ e

cube, c.u.
= " Ry )

Figure 6 — Comparison of average values of the fracture corridor density in the interval of 10ms from the roof of the C,t horizon and the
average values of fracture porosity for a given interval according to well logging data calculated by the method of the well logging institute
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Figure 7 — Comparison of average values of the fracture corridor density in the interval of 10ms from the roof of the Ct horizon and the
average values of fracture porosity for a given interval according to well logging data calculated by the method of the nuclear geology

institute

systems and zones. At the same time, the most reliable
interpretation results suggest the availability of rich
azimuth field seismic survey data with the registration
of longitudinal and transverse waves (3C) [1-4].

Of great importance here is well data that provides
for macro-descriptions of core and laboratory
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analyzes of core samples with the determination of
fracture orientation which can be used to calibrate the
geometric, frequency and amplitude characteristics of
the seismic cube so as to predict the lateral distribution
of fractured zones and fracture corridors. Fracture
zones are understood to be linearly elongated areas
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with an intense pattern of disturbed coherence of the
reflected waves generated by deformed geological
environments.

The results obtained are compared with the results
of assessing the discrete fractures and fractured zones
using the well data. As part of the latter, it is desirable
to include methods for dipole acoustic logging,
acoustic and electric formation multiscanners.

Currently, global leading service companies have
made obvious progress in developing programs for
automatic and semi-automatic extraction of faults,
fractured systems and zones.

So, for example, GeoTeric can be correctly
attributed to the efficient software that calculates a
series of colour summation and spectral decomposition
cubes to track tectonic disturbances. This software is
developed by Foster Findlay Associates providing
software solutions for seismic studies of CDMP-3D
analysis in the oil and gas industry around the world.

GeoTeric effectively combines objective data
analysis and interpretation based on the experience
and knowledge of the interpreter.

As a demonstration of the capabilities of this
software, a spectral decomposition cube along subsalt
deposits at one of the fields in the Caspian depression
was combined with the resulting cube of major tectonic
disturbances traced manually using the Geographix
Discovery software package.

The results of the comparative analysis show
that all the major tectonic disturbances traced for
the spectral decomposition cubes and substracted
manually are spatially combined (Figure 1).

In addition to the major tectonic disturbance cube,
GeoTeric makes it possible to calculate the propagation
cube for fracture zones and systems (fracture corridors)
by reducing the number of cleaning iterations and
reducing the filter length when identifying fracture
zones by CMY (Cyan Magenta Yellow) — colour sum
cube (Figure 2).

The section of the fractured corridor cube with
superimposed tectonic disturbances substracted
manually using the Geographix Discovery software
package contrastively shows the variability of
distribution of these corridors over the area in the
development zone of the main (root) faults. However,
there are no fractured zones in some areas of the main
faults (Figure 2).

The existing discrepancy between the development
of fracture corridors and independently substracted
faults (Figure 3) can be considered as direct evidence
ofthe objectivity of the distribution density of fracture
systems at a given depth slice.
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Otherwise, with complete coincidence of areas of
increased density of fracture corridors with the position
of all faults substracted manually, one would assume
that they reflect only a visually visible picture of their
development, excluding the spread of faults with
amplitude beyond the CDMP-3D seismic resolution.

In order to assess the reliability of the obtained
interpretation results for seismic data in the investigated
depth interval (Ct horizon), the results of laboratory
analysis of core samples, well logging data (geophysical
surveys of wells) and drilling (drilling fluid absorption,
increase in drilling speed, etc.) were used.

It should be noted that the study of core samples,
in addition to lithologic-petrographic, biostratigraphic
characteristics, and reservoir properties, also included
the study of the possible presence of fractures.

The collected core samples in the roof of the
C t deposits are represented by limestones and
dense, slightly porous and porous dolomites with
rare styllolitic and fractured caverns. The section
demonstrates thin layers of clayey rocks.

The pores are mainly interfragmentary, less
frequently intrafragmentary and leached. Fractures
are sub-horizontal and sub-vertical up to 3.0mm wide.

As a result of laboratory studies of core samples,
the following parameters were determined:

e size of the fracture opening;

e fracture density;

e fracture porosity coefficient;

e orientation and shape of fractures (sub-vertical,
sub-horizontal);

e gas permeability.

Qualitative and quantitative confirmation of
calculated cubes of fracture corridor propagation (at
a qualitative level) and density of fracture corridors
(at a quantitative level) was obtained by comparing
them with the results of determining fracture porosity
using well data.

The following results were used as the initial
parameters:

e calculation of fracture porosity, determining the
number and direction of fractures according to the
dipole acoustic logging (methods of well logging and
nuclear geology research institutes); acoustic and
electrical formation multiscanners;

e direct determination of fracture porosity on core
samples under the laboratory conditions;

e fracture detection in core macro-description.

Comparison of a slice in the interval of 10ms (about
30 m) from the roof of the C,t horizon on the cube of
the average values of fracture corridors with the results
of the assessment of the average fracture porosity
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Figure 8 — Distribution of seismic attribute of minimum
curvature for the C,t horizon

‘ ©  -Value of the average fracture porosity for the interval per well logging data (well logging institute)

Figure 9 — Slice of the cube of fracture corridor

direction trends in the interval of 40ms from the /, N\ {
roof of the C,t horizon (colour codes the direction) 7

for the Tournaisian deposits based on well logging (nuclear geology institute), shows a similar trend with
materials (according to method of the nuclear geology high values of correlation coefficients (Figure 7).
institute) showed a clear correlation dependence of The results of laboratory analyzes of core fracture
the location of wells with increased average values porosity are also well correlated with the values of
fracture porosity in areas with impaired coherence of the cube of the fracture corridor density (substracted
the seismic reflecting waves. per seismic data) both in qualitative and quantitative
And, on the contrary, wells with low fracture comparison.
porosity in the analyzed interval of the section are In addition to the use of volumetric attributes, the
isolated in areas with regular wave pattern (Figure 4). analysis of the curvature of the reflecting horizon
The correlation of areas with increased or decreased surface is often used to assess fracturing /5/.
fracturing over the investigated depth interval, Comparison of the average values of fracture
identified by seismic and well logging data, acquires porosity using well logging with the results of the
more contrasting forms when using the cube of density distribution of the seismic attribute of the surface
of fracture corridors. At the same time, the correlation curvature of C, t horizon shows almost identical values
coefficient exceeds the value of 0.8 (Figure 5-6). of the fracture corridor distribution, which confirms
Comparison of the cube of fracture corridor density the previously identified patterns (Figure 8).
with the results of fracture porosity assessment using To assess the prevailing directions of fracture
well logging, estimated using a different technique corridors, a cube of trends of their directions was
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Figure 10 — Orientation of the directions of average values of fracture corridors in the interval of 40ms from the roof of the Ct horizon
and measurements of the fracture azimuth according to the interpretation of FMI logs in wells in the same interval

calculated, in which the direction of extended sections
with impaired correlation of the seismic wave field is
coded in colour (Figure 9).

The numerical value of the colour gradient of the
8-bit colour palette 0-255 in this cube was recalculated
into the numerical value of the direction degrees of
the fracture corridors 0-360°. For each well within a
radius of 100 meters, the average prevailing direction
was calculated, which is largely correlated with the
prevailing azimuth according to the FMI interpretation
data (Figure 10).

Despite the non-identical values of fracture
porosity per well logging, when evaluated using
various methods (well logging and nuclear geology
institutes), the regularities of the spatial distribution
of this porosity in various wells discovered by the
Tournaisian deposits are maintained regardless of the
assessment methodology.

By the way, the lateral distribution of the fracture
corridor density complies with the direction of
movement of the formation waters during the service
of the Tournaisian reservoir.

Thus, the results of the studies show that for
the Tournaisian deposits there is a high degree of
correlation of fracture porosity parameters determined
using various methods of well and laboratory
analysis (acoustic logging, laboratory core studies,
interpretation of FMI data) with lateral distribution
of fracture corridor cube values using CDMP-3D
seismic data.
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