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KomroveBsre ci1oBa:

onucaHue 1udoBs,
KOHIIeNTyasbHas MOJeJb,
knaccupukanus no laHemy,
nuroTul, daryaibHas 30Ha,
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celUMeHTalus, KapOoHaTHas
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menb(oBas paBHUHA.

The work intends to develop a conceptual model of the Permo-Carboniferous deposit of the Usinskoye field. In the
furtherance of this goal, the authors have addressed the tasks of designing a specialised table format to describe thin
sections of carbonate core samples and create a database based on the developed format for the subsequent analysis. The
paper deals with studying the Permo-Carboniferous deposit of the Usinskoye field, located in the Komi Republic. A unique
database of 1,710 described thin sections from 12 weﬁ)s was created based on the developed format. The classification of
carbonate rocks by R.J. Dunham supﬂemented by Embry and Kloven (based on the dominating fabric in limestone, type of
cementing agent and their relationships in the rock) was used as a basis. According to rock material compositions and
textural properties, the following nine rock lithotypes were identified: Mudstone, Wackestone, Packstone, Grainstone,
Boundstone, Floatstone, Rudstone, Crystalline Carbonate (Dolomite), and Clayey Carbonate Silicite. By following the rock
lithology type identification results and the seismic data, three main facies zones were determined in the section of the mid-
Carboniferous and Lower Permian sediments: carbonate shoal (inner ramp zone), organogenic buildup (middle ramp zone)
and shallow marine shelf plain (mid-ramp zone, partially outer ramp zone).

A moderately deep marine shelf plain facies (outer ramp zone) was provisionally defined.

Following the study results, two profiles of the Mid-Carboniferous and Lower Permian sediments of the Usinskoye field
were plotted along two well lines. The presented sections su%port the conceptual model developed. Based on the core
sample findings, the zone of organogenic build-ups stands out in the eastern part of the field, dating back
predominantly to the Late Carboniferous and Early Permian periods. An inner ramp with the carbonate shoal facies
supposedly exists in the field north-west.

The conducted work has resulted in the development of a conceptual model of the Permo-Carboniferous deposit of the
Usinskoye field, which can be used for further development of more reliable 3D facies models, commercial-scale
estimations of reserves and field development designs.

PaccmartpuBaercss co3fjaHMe KOHLENTYaJIbHOM MOJE/M IEePMOKApOOHOBOW 3ayleXyd YCHHCKOTO MeCTOPOXAEHUA.
JIOCTIDKEHHA TOCTaBJIEHHON IieJIM PellaloTcsl 3a/1aud 1o pa3paboTKe CelaJIu3poBaHHOIO TabIMyHoOro ¢opmMara onvcaHus
numboB KepHa KapOOHATHBIX OTJIOKEHUH, ¢opMmupoBaHue 0asbl AAHHBIX HAa OCHOBe paspaboTaHHOro dopmara it
nocJieAyIolero aHamsa. B kadecTBe 06beKTa HCCIeI0BaHKA BbiOpaHa epMoKapOOHOBast 3aJ1eXb Y CIHCKOTO MeCTOPOXKEHMA,
pacnosioxerHoro B Pecriybrmku Komu. ITo pazpabotaHHOMy ¢opMmaTy chopMypoBaHa YHUKaIbHasA 6a3a AaHHBIX no 1710
omucaHHbM HumMdaM n3 12 ckBaxMH. 3a OCHOBY NpHMHATA KiIaccuuKalua KapOOHaTHBIX mopox mo P.X. [lanemy c
JlonoyHeHUAMU OMO6pu 1 KitoBeHa (1o mpeo6JialaHiI0 B M3BECTHAKE CTPYKTYPHBIX KOMIIOHEHTOB, THUITY IieMEHTHPYIOLIero
BelllecTBa, a Takke X B3aMMOOTHOLIEHHIO B ropozie). Ha ocHoBe BellleCTBEHHOT0 COCTaBa MOPObl U CTPYKTYPHOTO IapameTpa
BBIJIeJIEHO AeBATH JIATOTHUIIOB NOPOA: MAJCTOYH, BaKCTOYH, HMAKCTOYH, IPeHHCTOYH, OGayHICTOYH, (JlayTCTOyH, py[CTOYH,
KpUCTAJUTMYEeCKUN KapOoHaT (OOJIOMHUT), IJIMHHCTO-KapOOHATHO-KPEMHUCTasA Mopoja. IIo pesysbTaTaM OIpeJesieHHBIX
JIUTOJIOTHYECKUX TUTIOB TIOPOJ U JJAHHBIM CEHCMOpa3BefKi B paspese cpeJHeKaMeHHOYTOJIBHO-HIDKHEIIEPMCKIX OTJIOKeHHI
BBIJIeJIeHBl TPH OCHOBHBIE (aliiajibHble 30HBL KapOOHATHAasA OTMesIb (30HAa BHYTPEHHero paMmIia); OpraHOTeHHas IOCTPOMKa
(30Ha cpeiHEro pama); MeJIKOBOAHO-IIeIb(oBasd paBHIHA (30Ha Cpe/JHEro pamia, YaCTUYHO 30Ha BHEIIHEro pama).
JonosHuTeIBHO BhlfieNeHa Ganyst yMepeHHO-TJIy00KOBOAHO! 1esIbpOBOH paBHUHBL (30HA BHEIUHETO paMmIa).

B pesyJsbTaTe NpoBe/ieHHbIX HCC/Ie/JOBAHUI TIOCTPOEHBI JiBa IPodIIA KaMeHHOYTOJTbHO-HIDKHENEPMCKUX OTJIOXKEHUE YCHHCKOTO
MeCTOPOXAeHHA 10 BYM JIMHUAM CKBakyH. [Tpe/icTaBiieHHble pa3pesbl HOATBEPXKAA0T IIOCTPOEHHYI0 KOHIIENTYaTbHYI0 MOZE/b.
Io AaHHBIM HCCJIeOBAHIA KepHA B BOCTOYHOI YaCTH MECTOPOXIEHHA XOPOIIO BBIIEJIATCA 30HA OPraHOTeHHBIX IOCTPOEK,
00pasoBaHNe KOTOPBIX MPOMCXOMIIO INPEUMYIIECTBEHHO B NO3HEKAMEHHOYTOJIbHOE W DaHHENepMCKoe Bpemsl B ceepo-
3araHoOI YacT! MeCTOPOXXIEHNA NPe/IToJIaraeTcs CyIecTBOBaHIe BHyTPEHHEro paMIia ¢ parysamMy KapGoOHATHON OTMEJTH.

B pesyibpraTe NpOBeJeHHONH pabOTBI IIOCTpPOEHA KOHIENTyajbHAA MOJeslb IepMOKapOOHOBOH 3aJieXXy YCHUHCKOrO
MeCTOPOXIEeHHsA, KOTopas MOXeT OBbITb MCIOJIb30BaHA JUIA TOCJIEYIOIIEro IIOCTPOeHUs O6ojiee JJOCTOBEPHBIX TPEXMepHBIX
(armanpHbIX Mojiestell, TPOMBIIUIEHHOTO MOJICYETa 3aacoB 1 IPOEKTUPOBAHKA Pa3pabOTKU MECTOPOXKIEHHIA.
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Introduction

This work is intended to develop a
conceptual geological model as illustrated by the
Permo-Carboniferous deposit of the Usinskoye
field using the lithological and petrographic
findings. The model is based on the Dunham rock
texture classification that reflects the rock
deposition conditions.

Experimental Procedure

The studies deal with the Permo-Carboniferous
deposit of the Usinskoye field, located in the Komi
Republic. The deposit is unique in its size and
properties (W = 723.2 mPas). The oil-saturated
layer exceeds 300 m, the volume of ABIl
geological reserves is 747 million tonnes, and the
recoverable reserves make up 247 million tonnes.
More than 2,000 wells were drilled in the field,
we chose 30 of them to select over 2,000 m of the
core material, which was wused to make
approximately 9,000 standard and over 1,000 full-
size core samples that were later used for
laboratory tests. For the Usinskoye field
reservoirs, it is of particular importance to
conduct studies on both standard and full-
diameter core samples, as they most accurately
reflect flow patterns of reservoir processes [1-19].
Only laboratory-based core studies give an
opportunity to directly obtain such information
[20-22]. Furthermore, approximately 3,000 thin
sections were made and described.

Description of sections is a specific and
time-consuming process, while the description
itself is presented in the form of a consecutive
textual specification and, as it should be noted,
the descriptions by various authors may differ in
style and terminology, which complicates their
further use for operational data analysis and
statistical researches.

To address this issue and categorise the
representation of descriptions of the carbonate
sedimentary thin sections, a team of specialists
from PermNIPIneft, the branch of OO0 LUKOIL-
Engineering, has developed a specialised table
format with coding of the most relevant
parameters determined in the thin sections. The
key parameters included in the table were the
rock family, presence of organic matter, grains,
fabric, Dunham texture, predominant
authigenous constituents affecting porosity and
permeability, measured porosity of the thin

section, the prevalent type of porosity,
fracturing and stylization. The developed format
made it possible to present all textual
descriptions of the rock petrographic
characteristics in the table form, which provides
a range of advantages. Firstly, it is instrumental
in the mathematical and statistical analysis of
the thin section descriptions. Secondly, it offers
a tool to create a database for analysis using
findings of different authors, including images
of thin sections. Thirdly, it enables us to analyse
and compare the thin section parameters with
other core sample findings.

By wusing the case of the Permo-
Carboniferous deposit of the Usinskoye field, we
created a unique database of 1,710 described
thin sections from 12 wells based on the
developed format.

For the subsequent lithologic facies analysis
and the deposit conceptual geomodelling, the
sediments were lithologically differentiated into
classes. The structural-genetic classification of
carbonate rocks by R.J. Dunham supplemented
by Embry and Kloven (based on the dominating
fabric in limestone, type of cementing agent and
their relationships in the rock) was selected as
the key parameter to define lithology of the
studied sediments, in addition to the rock
material composition). Based on the rock
material composition and textural properties,
the following nine rock lithotypes were
identified: Mudstone, Wackestone, Packstone,
Grainstone, Boundstone, Floatstone, Rudstone,
Crystalline Carbonate (Dolomite), and Clayey
Carbonate Silicite. Figure 1 shows images of the
rock thin sections illustrating the facies
deposition zones of the Permo-Carboniferous
deposit of the Usinskoye field.

Figure 2 shows an analysis of lithotype
distribution over a well that is the most typical of
various facies zones.

Three main facies zones were identified in the
section of the Mid-Carboniferous and Lower Permian
sediments, according to the rock lithology type
definition results and the seismic data:

— carbonate shoal (inner ramp zone, Fig. 2, a)

- organogenic buildup (mid-ramp zone,
Fig. 2, b)

— shallow marine shelf plain (mid-ramp zone,
partially outer ramp zone Fig. 2, ¢)

Additionally, we can define such facies, as
moderately deep marine shelf plain (outer ramp
zone).
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Grainstone

Packstone

Floatstone

Fig. 1. Images of thin sections typical of facies zones: a is carbonate shoal facies zone; 5 is organogenic buildup
facies zone (mid-ramp zone); cis shallow marine shelf plain facies zone (mid-ramp zone, partially outer ramp zone)
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Fig. 2. Most typical well distribution (%) of lithotypes for different facies zones:
a is carbonate shoal (inner ramp zone); b are organogenic buildups (mid-ramp zone);
c is shallow marine shelf plain (mid-ramp zone, partially outer ramp zone)
In the Carboniferous and Lower Permian According to the regional geological

period, the deposition of sediments in the region
occurred in shallow marine shelves with the
prevalent carbonate, clayey carbonate (less
frequently) and sulphate carbonate (for the Mid-
Carboniferous period) sedimentation.

surveys of the Timan-Pechora region (works by
V.A. Zhemchugova, N.I. Nikonov et al.), an
extensive carbonate ramp gently descending
eastwards was located within the Pechora Plate
during the Carboniferous and Permian periods.

HEAPOTMOJIb3OBAHUE
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The Usinskoye field sediments were mainly
formed in the inner and mid-ramp zone. Further
to the seafloor paleosurface of that time, the fair-
weather and storm-wave base actions were the
primary factors affecting sedimentation. The
sedimentation took place as deep as the first
dozens of metres.

The carbonate shoal facies (inner ramp area)
is above the fair-weather wave action level, where
sediments accumulated from moving shallow
waters. It is mainly composed of bioclastic oolitic
limestone, sparitic cement (grainstone/rudstone/
packstone), while the mud fraction of the
sediments was washed away. The facies is defined
for all the field locations of the Permo-
Carboniferous deposit.

According to V.A. Zhemchugova, organogenic
buildups of the Pechora basin, which are the Late
Carboniferous and Early Permian by their
morphology and environmental evolution, pertain
to mounds (as termed by James, Bourque, 1992).
Unlike classical reefs, they lack typical massive
skeletal organisms, backshelves and foreshelves,
their development has been completed at the
pioneer stage of the paleo-ecological succession.

By their paleo-ecological formation features
and composition, there are two types of buildups:
microbial (mud, algal) mounds and skeletal mounds.

The skeletal mounds are mainly formed on
seafloor small elevations, with currents and waves
washing out fine mud sediments from the
buildups. Such organogenic buildups are
composed mostly of crinoid bryozoan, bryozoan
crinoid, algal crinoid, algal paleo-aplesine
boundstone and the accompanying bioclastic
rocks formed from the boundstone destruction.

Affected by waves on both sides of the
buildup, interbioherm and shelf sediments
containing the multisized bioclastic material
(polybioclastic limestone) were accumulated.

Microbial (mud) mounds, mainly formed by
phylloid algal, cyanobacterial algal bindstone
(boundstone) and polybioclastic biocementolite,
are able to expand in zones different in sea bottom
topography and hydrodynamics.

At the Usinskoye field, the facies of
organogenic buildups is determined in the Late
Carboniferous and Lower Permian sediments. Its
distribution area gravitates towards to the tops of
the paleo-uplifts of the Usinskoye structure and is
oriented to the north-west. The deposits of the
facies of organogenic buildups exhibit increased
thicknesses.

The facies of the shallow marine shelf plain is
determined on a provisional basis. The sediments
were formed in the mid-ramp zone, with weak
hydrodynamics, below the fair-weather wave
action level. The sediments are dominated by

bioclastic, bioclastic micritic and micritic
bioclastic limestone (packstone/floatstone/
wackestone), with possible interlayers of
grainstone/rudstone.

The facies of the moderately deep marine
shelf plain is represented by clayey micritic
limestone with rare bioclast (wackestone/
mudstone) and argillite. Following the core
sample analysis data, the rocks of this facies can
be found only in few samples. The facies are
clearly mappable by low thicknesses, mostly low
porosity and permeability.

The rocks classified as crystalline carbonate
lithotype, represented by dolomite, are defined
in the section. The secondary dolomites are
micro-fine and fine grained, calcareous,
generally defined in the Mid-Carboniferous
depositions. The primary fabric of the rocks is
mostly undefined.

The rock dolomitization resulted from the
impact of magniferous water on limestone, its
calcite turning into dolomite until limestone is
completely substituted by dolomite. Observed is
the dolomitization of two generations: diagenetic
and  epigenetic. During the  diagenetic
dolomitization, dolomite is present as separate
rhombohedral and irregular rhombohedral
crystals immersed in the rock substrate. In this
case, dolomitization has no significant impact on
porosity and permeability of the rocks. During
epigenetic and metasomatic dolomitization,
dolomite significantly or completely replaces
primary rocks, forming secondary dolomites, often
accompanied by a complete rearrangement of the
rock fabric and resulting in significant
intercrystalline and dissolution porosity, thus
improving the rock porosity and permeability.

Silification zones are observed along detritic
limestone in the core samples of wells. Carbonate
of organic remains is replaced by silica: the
coarse-grained calcite or dolomite is usually
replaced by coarser crystalline quartz, while the
fine-grained calcite or dolomite is usually replaced
by finer crystalline quartz, accordingly.

Figure 3 shows a detailed conceptual model
of the structure of the Carboniferous and Lower
Permian sediments of the Usinskoye fields, which
reflects the deposit formation genesis.
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As a result of the conducted studies, two
geological profiles of the Carboniferous and Lower
Permian deposits of the Usinskoye field were
developed, aligned to the regional reference
benchmark R4 corresponding to the top of the
field bench of the 3rd Moscovian stage.

The presented sections confirm the developed
conceptual model. Figure 4 shows the well
section, most typical of the defined facies zones.
Following the core sample findings, a zone of
organogenic buildups is well distinguished in the
east of the field; such build-ups were formed
largely in the Mid-Late Carboniferous and Early
Permian periods. It is supposed that in the north-
west of the field, there is an inner ramp with
carbonate shoal facies.

Sedimentation during the Carboniferous and
Early Permian periods occurred with slight sea
level fluctuations. Based on the core study results,
up to two second-order sequences in the
carboniferous Middle and Upper Carboniferous
deposits and one sequence in the Lower Permian
deposits can be defined. The sequences consist of
a transgressive system tract and highstand system
tract. The sediments of a lowstand system tract
are not common in the sections under study.

During a relative rise and high stand of the
sea level, organogenic buildups were formed and
growing, which corresponds to the stage of
stabilisation and accumulation.

While an organogenic buildup was moved to
the sea level, when the sea level stabilised or
slightly lowered, the buildup was destroyed, and
organogenic clastic sediments were formed
(destruction stage).

The ideal sequence consists of sediments from
shallow marine shelf plains passing into carbonate
shoal sediments, and then into facies of organogenic
buildups. The section is ended by sediments of
subaerial exposition (breccia, paleokarst, etc.).

Application of Section Analysis
in 3D Modelling

As part of the development of a digital 3D
geological model of the Permo-Carboniferous
deposit, a conceptual model of the Usinskoye field
was built using a data set based on the results of
the core sample analysis, geophysical studies of
wells and interpretation of 3D seismic data [23].
The earlier conceptual model reflects essential
geological principles of the productive sediment
structure. Thus, now we have everything needed

for the conceptual model development using
3D modelling [24].

The following kinds of data were input into
the geomodelling software system as a base for
the conceptual model development:

— boundaries of the facies zones identified
during the interpretation of 3D seismic data
(identified for four main formations)

— lithotypes identified as per the Dunham
classification for 12 wells located in the Permo-
Carboniferous deposit

— constructional
horizons.

Subject to the seismic surface analysis, a
reference structural tectonic model the Permo-
Carboniferous sediments was built, which consists
of four layers.

Based on the structural and tectonic
framework of the four layers, a 3D grid with a
lateral cell size of 100x100 m was built for
conceptual modelling. A grid was selected with an
even cell width [25-27]. For each formation within
a 3D grid, a discrete parameter was obtained on
distribution of the facies zones defined based on
the 3D seismic data interpretation results. A unique
discrete index was assigned to each facies zone.
Since the boundaries of the facies zones are
determined laterally only, it was chosen to use
Indicators Belts method for the uniform, realistic
vertical change in the boundaries of the defined
facies zones. The result of the facies zone
distribution is a 3D facies parameter (Facies) that
most accurately reflects the form and nature of
distribution of the facies types in question.

The initial lithotypes data were input in Las
file format as the well information. The
lithotypes were transferred to the grid cell using
the well data averaging function, which allowed
us to obtain values of lithotypes in the cube
within the well path. Further, using stochastic
modelling, discrete lithotype values were
distributed across the wells within each facies
zone. The final parameter of the 3D distribution
of lithotypes in the interwell space subject to the
facies zones was obtained (Fig. 5), reflecting the
general concept of sedimentation.

The data in Figure 5 illustrate the change of
different types of sections, controlled by the
change of facies zones and represented by
characteristic combinations of lithotypes.

The resulting 3D cube of lithotypes can be
used at further stages of three-dimensional
modelling of porosity and permeability properties

surfaces of reflecting
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Fig. 5. Final distribution of lithotypes in the 3D grid

of the Permo-Carboniferous deposit of the Usinskoye field:

0 is the buildup outside the formation; 7 is Mudstone;

2 is Wackestone, 3 is Packstone, 4 is Grainstone,

5 is Boundstone, 6 is Floatstone, 7 is Rudstone,
8is Crystalline Carbonate

of reservoir rocks, specifically, as an additional
parameter in the distribution of the oil saturation
factor of the Permo-Carboniferous deposit.

Conclusions

A database of thin section descriptions of the
Permo-Carboniferous deposit of the Usinskoye
field has been generated in a specialized format.
The generated database was used as a database for
a comprehensive analysis of the thin sections of
the Permo-Carboniferous deposit of the Usinskoye
field aimed at building more reliable three-
dimensional models, commercial-scale estimations
of reserves and field development designs.

A detailed conceptual model of the structure
of the Carboniferous and Lower Permian deposits
of the Usinskoye field was built based on
1,710 thin section descriptions, well logging and
3D seismic data.

The applied approach to creating the 3D
conceptual model of the Permo-Carboniferous
deposit of the Usinskoye field was based on the
generalised geological and geophysical data
subject to lithotypes identified as per the Dunham
classification.
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