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AHJIATIIA

by qunioMIbIK sKyMbICTa KEH OPHBIHBIH ©HIM/I1 KaO0aTTapbIHBIH T€OJIOTHSUIBIK
MOJIeNIIH oJiaH api KypymeH Kacnuii MaHbl OMMATBHIHBIH OHTYCTIK JKaFbIHAAFbl KEH
OpPHBIH TaJJlay >KYMBICTapbIHBIH HOTIOKeNepl OepuireH. JKyMmbic OapbIChIHAA COHFBI
OarmapiiaMalblK KaMTamachl3 €Tyl NaijanaHa OTBIPBIN, TeOJIOTHSUIBIK MOJEIbIl
KYPYABIH  OPTYpJdl  Tocuuiepl KapacThlpbULabl. JKypri3uireH  KYMBICTap/blH
HOTHKECIHE eMKEeH-TerKeill aHU30TPOINTHI T'€OJIOTHSUIBIK MOJIENb aJIbIH/AbI, OHBIH
HET131H]1€ ’K00aJIbIK YHFbIMAJIAPIbIH OPHAJIACY OPBIHIAPHI YCHIHBLIIBI.

JluccepTanusuibIK, KYMBICTBIH OipiHIl O6JIMIH/E 3epTTENEeTIH ayMaK MeH KeH
OPHBIHBIH  TEOJIOTHUSIIBIK  KYPBUIBIMBI, COHBIMEH KaTap TEKTOHUKACHl MCH
JTUTOJIOTUSUTBIK-CTPATUTpa(USIIBIK CUTIaTTaMaaphbl 3ePTTEI/II.

ApHaiibl 06JiM TOJBIFBIMEH T'E€OJIOTHSIIBIK MOJIENIbre apHalbl. | €0M0rusIIbIK
MOJICIBI1 KYpy MpoleciHae 0apablK OSNTICI3MIKTEPl eCKepe OTHIPBIN, aHU30TPOITHI
MOJEINb/Il KYPYABIH COHFBl aJTOPUTMAEP] KOJJAHBUIALL. YII ©JIMIEeMJl MOJENb
HET131H]1e )KOCTapIaHFaH YHFbIMAJIapIbIH OHTAMIIBI HYKTEJIePl aHBIKTAJJIbI.

JIMTUIOMIBIK KYMBIC aHHOTAlUSAaH, Ma3MYHbIHAaH, KIpiCIIEJeH, YII OOJIMHEH,
KOPBITBIH/IBIJIAH, TTaliIaJlaHbUIFaH 91cOUeTTep TI3IMIHEH TYPAaJIbl.

AHHOTAIMSA

B nanHol aumiomMHOM paboTe MPUBENECHBI pe3ysbTaThl padOT MO aHAIU3Y
MectopoxaeHuss B FOxuom Ooprty Ilpukacnuiickold BHOaauWHBI C JaldbHEHIIMM
MTOCTPOECHHUEM I'€0JIOTMYECKON MOJIENM POAYKTUBHOM TOMIIM MECTOPOXKAEHUS. B X01€e
paboThl pacCMOTPEHBI Pa3HbIE MOAXOAbl B MOCTPOECHUE T'€OJOTMYECKOM MOJENHU C
UCIIOJIb30BAaHMEM  HOBEHIIMX MpOrpaMMHBIX  obOecrnieueHuil. B pesynbrare
BBINIOJIHEHHBIX pa0oT MOJyyeHa JeTalbHas aHU30TPOITHAS re0JIorndeckas MoJielib, Ha
OCHOBE KOTOPOTO MPEIOKEHBI TOUKHU 3AJI0KEHUS POECKTHBIX CKBAKHH.

B nmepBoii wacth AWIUIOMHOM pabOThI HM3YyYEHBl TE€OJIOTUYECKHE CTPOCHUE
HCCIIENYEMOTO  paliOHa W MECTOPOXKICHHS, a  Takke  TEKTOHMKAa U
JUTOJIOTOCTpaTUTpaduIecKasi XapaKTepUCTHKA.

CnemuanbHbIH pa3iesl ObUT TMOJHOCTBIO ITOCBSINEH TE€OJIOTMYECKOH Mojenu. B
MpoIeCCe TOCTPOCHHS TEOJOTHMYECCKONH MOJACIH OBUIM HCIOJb30BaHBl HOBEHIINC
AJNTOPUTMBI JUIS1 CO3/IaHUSI AaHU30TPOITHOM MOJIEIIY C YUYETOM BCEX HEONPEAEIEHHOCTEM.
Ha ocHoBe TpexmepHOit MOjieNn ObUTH OTIPEIeNICHbl ONTUMAIbHBIC TOYKH MPOCKTHBIH
CKBQKVH.

JlutimomHast paboTa COCTOUT M3 aHHOTAITUH, COASP KaHUs, BBEICHUS, TPEX Pa3JIeioOB,
3aKJIFOYEHHUS], CIIUCKA UCTI0JIb30BAHHOU JINTEPATYPHL.



ABSTRACT

This diploma thesis presents the results of analysis of a field in the Southern
margin of the Caspian Depression, followed by the construction of a geological model
of the reservoir. VVarious approaches to constructing the geological model using stateof-
the-art software were examined throughout the study. As a result of the work
conducted, a detailed anisotropic geological model was obtained, based on which
proposed locations for the planned wells.

In the first part of the thesis, the geological structure of the study area and the
deposit, as well as tectonics and lithological and stratigraphic characteristics, were
studied.

A special section was entirely devoted to the geological model. In the process of
building a geological model, the latest algorithms were used to create an anisotropic
model, taking into account all the uncertainties. Based on the three-dimensional model,
the optimal points of the design wells were determined.

The thesis consists of an annotation, content, introduction, three sections,
conclusion, list of references.



INTRODACTION

The topic of the thesis: "Analysis of geological and geophysical data and the
construction of an anisotropic model for the productive horizon of the deposit of the
Southern side of the Caspian sedimentary basin".

Geological modeling based on geological and geophysical data of oilfield. The
results of modeling are reserves estimate and a new point for projection wells.

Goal of work are:

- Geological and geophysical data analysis;

- Stratigraphy analysis;

- Anisotropic geological modeling;

- Determination of design points for project wells based on the results of a
geological model.

Results of this work: anisotropic geological modeling for the productive horizon
of the field, recommendations for choosing the location of project wells.

Input data:

- Structural maps of productive horizons;
- Well coordinates;
- Stratigraphy; - Well log data.



1 Overview
1.1 Overview of the region

Qilfield located in the PreCaspian sedimentary basin. Its main territory (about
two-thirds) belongs to the Republic of Kazakhstan, the rest to the adjacent regions of
the Russian Federation.

In regional tectonic terms, the PreCaspian Basin is the southeastern
deepsubmerged part of the ancient East European platform.

The Caspian basin is unique in that the ancient Precambrian crystalline basement
in its center is submerged to a depth of 22-24 km (geophysical data). From the center
to the sides (east, north, west and south), the foundation surface gradually rises to
depths of 6-7 km.

West Kazakhstan, Atyrau and Aktobe administrative regions are completely
located on the territory of the PreCaspian petroliferous province.

These areas are all oil and gas producing, but their importance for the economy
Kazakhstan's oil and gas business is different.

The PreCaspian petroliferous province on the postsalt and presalt structural and
lithological floors is a classic territory of salt dome tectonics, where there are over 1300
salt dome uplifts (salt domes).

All of them can be considered potential traps for oil and gas. The postsalt
lithological complex is composed mainly of terrigenous sandy-clay deposits with a
subordinate presence of carbonate rocks in the Upper Jurassic and Upper Cretaceous.

To date, several dozen, mainly oil fields have been discovered in the postsalt
deposits, with a smaller number of gas-oil and gas fields.

Regionally, the oil and gas complexes of the postsalt floor are Triassic
(PermianTriassic), Middle-Upper Jurassic, Lower Cretaceous and Neogene.

There are single deposits with industrial oil and gas potential in Upper Permian
deposits, as well as Upper Cretaceous and Paleogene deposits, where oil migrated from
the underlying regionally oil and gas complexes.

The total hydrocarbon reserves of the postsalt deposits are incomparably small
compared to the presalt deposits, and most of the deposits identified in the postsalt
deposits belong to the category of small (recoverable oil reserves of less than 10 million
tons and gas reserves of less than 10 billion m3).

Along with this, it should be particularly noted that many deposits located north
of the Emba River (Dossor, Makat, Sagyz, Baychunas, Koshkar, etc.), contain oil oils
of unique quality. They are sulfur-free, have a low content of paraffin, resins, contain
almost no gasoline fraction, but are characterized by a high content of high-quality
lubricating oils (especially low-cretaceous), which begin to solidify at a low negative
temperature (-25 C-30 C), which causes them high demand and price.

The main type of deposits above the salt floor are deposits of postsalt, complexly
constructed and broken up by numerous discontinuous tectonic disturbances
(discharges) into separate wings, fields and blocks, the distribution of oil and gas
content within which is also extremely complex.
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Most postsalt have the form of dome-shaped uplifts and brachiantic lines. As a
rule, they have a central downthrown blockin the vault, having a strike synchronous to
the strike of the salt core. The central downthrown block is bounded on both sides by
the main discontinuous faults-discharges, radially adjacent to which at different angles
are minor ruptures that divide individual wings into smaller fields and blocks.

Therefore, the leading type of salt-dome uplift deposits is a reservoir tectonically
shielded deposit, limited in its head (graben) part by the main tectonic disturbance of
the central downthrown block. Formation vaulted deposits, stratigraphically and
lithologically shielded by the slope of the salt core, are much less widespread. In the
Triassic sediments, sub-cornice deposits (strata shielded by cornice salt) have been
identified.

The oil and gas-bearing reservoir rocks in the postsalt section are entirely
terrigenous (sand-siltstone) rocks with good reservoir properties.

The above-salt structural floor has over 1300 salt dome elevations, each of which
Is a potential trap and a possible oil and gas field, but exploration work, unfortunately,
was carried out only on 200-300 salt domes, and more than 1000 salt dome elevations
are waiting for their exploration.

Several dozen deposits of salt dome uplifts have been discovered, most of which
are being developed. Some deposits have been mothballed due to small hydrocarbon
reserves (Chingiz, Kubasai, Baklaniy, etc.)

Field under consideration deposits are geographically located in the south-east
of the Ural-Volga interfluve, in the coastal northern zone of the Caspian Sea. By
administrative division, they are located within the Isataysky district of the Atyrau
region of the Republic of Kazakhstan. The nearest settlement is the district center
village called Akkistau, located to the northeast of the deposits.

Economically, the district is quite developed. The deposits are located in the area
of oil fields being developed, such as Zhanatalap, S.Balgimbayev, Gran, Zaburunye,
Novobogatinsk SE and others

1.2 Overview of the field

The postsalt deposits have an almost oval shape in plan. According to drilling
and seismic data, the salt in the vault lies at a depth of 370-400 m. According to the
structure of the salt sequence of sediments, the field is a three-winged salt-dome
structure. Its dimensions are 5x6.5 km. The north-western, south-western, and eastern
wings correspond to the slopes of the salt and are separated from each other by a
threebeam downthrown block.

There are no productive horizons for oil in the postsalt section of the
southwestern and eastern wings. The object of the operational work is the north-west
wing.

The north-western slope of the salt is the steepest (the angle of pitch is up to 4050
%) and is traced by seismic exploration to minus 300 meters.
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Structurally, it is an anticline, divided by faults into separate fields and blocks.
The long axis stretches in a north-easterly direction for 4 km, the short one — 1.8 km.
Within the wing, the north-western, central and south-eastern fields are distinguished.
The north-western field is drawn on structural maps with a semi-closed structure,
bounded from the east by the fault.

The strike of rocks from the southwest to the northeast. The incidence angle
varies with depth, in Jurassic they are 15 % - 16 °, in the Neocomian and Aptian — 1012
0 and in the deposits of the Albian and Upper Cretaceous — 5-6 °.

Faults are recorded by the fallout of bundles of rocks, which is revealed by a
detailed comparison of geological and geophysical sections of wells. At the same time,
cases of capacity reduction caused by intra-informational washouts (inside the alba,
between the Upper Cretaceous tiers), which are characterized by consistent and regular
changes in capacity by area, as well as regional washouts and disagreements that are
observed between Neocomian and Jurassic, Aptian and Neocomian, Albian and Aptian,
Turonian and Albian, are excluded.

The number of oil and gas horizons identified in the uncovered section is only
21: of these, 3 horizons are in Permian deposits, 10 horizons are in Middle Jurassic and
8 are in Lower Cretaceous deposits. Productive horizons are combined into VII
development objects:

- I-object — | Upper Albian horizon - oil;

Il Middle Albian horizon - oil and gas;

Il Middle Albian — lentil 1 - oil;

I1 Middle Albian — lentil 2 - oil;

- l1-object — Aptian horizon - oil and gas;

Neocomian Horizon - Oil;

I11 and IV Neocomian horizons - oil;

- I11-object — I 1, | 2, I 3 Middle Jurassic horizons — oil;
- IVV-object — | 4, | s Middle Jurassic horizons - oil;

V-object — 1I- lentil 1, ll-lentil 2 and I11 Middle Jurassic horizons - oil; VI-object
— 1V and V Middle Jurassic horizons - oil;
- VIl-06wekt — I, Il u 11l Permian - oil. Middle Jurassic deposits.

Middle Jurassic deposits have been uncovered on all wings of the structure.
Lithologically, the deposits are represented by a thickness of alternating sandy and clay
layers. Clays are brown, dark brown, gray, brownish-gray, sandy with separate layers
enriched with carbonaceous matter.

The sands are gray and dark greenish-gray. In the section there are interlayers of
light gray sandstones, strong, on calcareous cement. There are interlayers (up to 0.5 m)
of brown coal. The deposits of the Middle Jurassic are the main productive strata of the
field, where, as noted above, 10 oil horizons are established.

The maximum uncovered thickness of the Middle Jurassic deposits is 370 m ,
the minimum is 65-75 m . The roof of the Middle Jurassic deposits within the field,
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according to GIS data, lies at depths from 413 m to 669.5 m, the sole from 637.1 m to
1010.4 m.

These collectors have a continuation in the muld zones bordering the domes,
which is very favorable from the point of view of burial and gives the probability of
their use as underground reservoirs.

This is followed by an assessment of the possibility of burial of associated
extracted waters in the aquifers of the Middle Jurassic sediments on the territory of the
Kamyshitovoye Southwest field, therefore, an analysis of the study of only the Middle
Jurassic reservoirs is given.

Neocomian deposits.

Three oil horizons have been established in the Neocomian deposits: the
Neocomian, Il and IV horizons. | and |1 Neocomian horizons are saturated with water
and are found only on the periphery of the northwestern field. In most of the territory
of the northwestern slope, the Neocomian deposits are eroded from above by the
Aptian, and in some cases by the Albian transgressions. The depth of the roof of the
Neocomian according to logging is fixed at 379.8-650.2 m, the soles at 389.6-659.7 m.
At the same time, the thickness of oil-bearing reservoirs ranges from 3.4 mto 26.1 m.

Lithologically, the deposits are represented by green clays, greenish-gray, silty,
slightly micaceous, with charred plant remains, with interlayers of sands, sandstones,
less often marls. The sands are fine-grained, greenish-gray, micaceous. Sandstones of
the same shades, fine-grained, micaceous, slightly cemented. There are interlayers of
marl greenish-gray, strong. The thickness of the Neocomian deposits varies from 0-10
to 140 m, in most wells within 40-70m.

Neocomian deposits cannot be considered as injection reservoirs due to their
relatively insufficient depth of occurrence and the absence of a tire.

The study of drill sample.

In total, 90 wells were drilled at the field with drill sample: 17 operational, 43
explorations, 30 crelius.

In general, 9610.1 m were passed through the field with drill sampling, the total
linear removal was 3734.14 m or 38.9% of the penetrating. A total of 1,195 samples
from 80 wells were analyzed.

For the period 2013-2018, the core was selected and analyzed in exploration with
a total penetration of 150 m and core removal of 119.55 m (i.e. 79.7% of the
penetrating) and in the amount of 92 samples. All core analyses were carried out in the
petrophysical laboratory of rocks of the Branch of LLP "SRI TDB KMG
"CaspiMunaiGas" in Atyrau.

The complex of studies included the determination of standard parameters such
as open porosity, density, permeability, granularity, carbonate content, as well as
special core analyses to determine the oil displacement coefficient by water, relative
phase permeability in the oil-water system, capillary pressure by the semipermeable
membrane method and wettability.

According to the Jurassic deposits, the penetrating was 2317 m and the core
removal was 671.27m or 28.97% of the penetrating. 713 samples were selected for
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analysis, 597 of them characterize productive horizons (I 1-J 2, 1 2-J 2, 1 3-J 2, 1 4-J 2, | 5J
2, 11-J 2, 111-32, 1V-J », V-J ,). The number of conditioned samples is 429 units.

Measurement of porosity. The porosity of rock samples was calculated by the
formula, where the main components are the length and diameter of the sample.
Measurement of absolute permeability of samples.

The absolute permeability of the samples was measured using gas (nitrogen) on
calibrated ULTRA-PERM 600 equipment equipped with the latest mass flow meters
and pressure sensors. The software performs calculations using the Darcy and
Klinkenberg equations to calculate the gas permeability and the inverse of the average
pressure.

Calculations for the determination of water and oil saturation were calculated on
the basis of Lambert's law, using the linearity of the semi-logarithmic dependence of
X-ray radiation based on the base scanning points.

The dependences of the porosity parameter on the porosity coefficient and the
saturation parameter on the water saturation coefficient.

For Jurassic sediments, they are described by the equation:

FF=0.43 Phi%® RI= Sw1%,

According to the data of drill sample from Jurassic sediments, the dependences
of the formation factor on the porosity FF = (Phi) and the saturation parameter on the
water saturation coefficient Rl = f(Sw) were constructed in a laboratory way:

As a result of the work, the dependencies FF = f (Phi) and RI = f (Sw),
constructed by the selection method, acquired the form. non-collectors were carried out
according to the boundary values of their physical properties: porosity, permeability,
clay content, etc. At the same time, permeability plays a decisive role, since the main
property of the collector is its ability to pass liquids and gases through itself. That is
why, when justifying the boundary parameters of the reservoir rock, first of all, the
limit values of permeability are established. The lower limit of permeability is assumed
conditionally to be 1 md based on the classifications of reservoir rocks known from
literary sources (classification of Teodorovich G.I., as well as 30 experiments
conducted in the laboratory of the Moscow Institute of National Economy and GP by
scientist Gudok N.).

In addition, this value is confirmed by the results of special studies on the core
of well, where residual water saturation and residual oil saturation were determined.
Using these data, the dynamic porosity was compared with the absolute permeability.
The dynamic porosity is calculated using residual oil and water based on the results of
modeling the recovery coefficient in the oil-water system: Efficiency= Phi*(1-
ConCov).

To determine the boundary value of porosity, integral porosity distribution
curves are constructed for classes with a permeability of Cpr<1 mD and Cpr>1 mD.

Lithological and physical characteristics of collectors.
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The reservoirs of the deposit are represented by fine- and fine-grained
sandstones, clayey and strongly clayey, carbonate, aleurite and siltstones, as well as
loose sands.

Rocks of the Jurassic productive strata are represented by sands with subordinate
layers of clays and sandstones. The sands are gray, multi-grained, compacted, clayey,
with quartz pebbles and interlayers of gray, dense clays, with charred plant residues.
The sandstones are gray, medium-grained, strong, on calcareous and clay cement.
Clays are brown, dark brown, gray, brownish-gray, sandy, with some enriched with
carbonaceous matter.

Horizon J2-1 1 is represented by a core of 16 wells and 34 samples from 9 wells.
The porosity of reservoir rocks for 25 conditioned samples averages 28.8%,
permeability — 340.3 mD, change intervals of 20.1-36.3% and 1.6-1625.7 mD.

The horizon J 2- | 2 is most illuminated by drill sample analyses. 188 drill
samples were studied. Conditioned - 126 units. According to the analysis, porosity
varies between 19.7-42.7%, permeability — 1.3-10080 mD, averaging 32.1% and 869.8
mD.

102 samples from 15 wells were studied in the horizon J > - I 5. Conditioned
collectors average 31.6%, permeability — 1251.6 mD, change intervals of 18.2-39%
and 1.1-5550.9 mD.

Horizon J 2-1 4is illuminated by drill sample from 18 wells and 80 drill sample
analysis from 12 wells. Conditioned - 58 units. According to the analysis, porosity
varies between 19.5-38.5%, permeability — 1.2-3232 mD, averaging 30.5% and 527.3
mD.

The horizon J 2-1 swas studied by 71 samples. 53 are conditioned. The values
of porosity along the horizon vary from 19.4 to 39.5%, permeability — from 1.4 to
5941.3 mD.

Horizon J 2.11- layers | and 11 are illuminated by a drill sample of 12 wells and
a total of 35 analyses, 24 of which are conditioned. The porosity of reservoir rocks in
lenter | averages 27.8%, permeability — 92.2 mD, change intervals of 19.8-33.5% and
1.1-735.4 mD and in lenter 1l porosity — 23.9%, permeability - 17.1 mD.

54 samples from 8 wells were studied in horizon J.-111-. The conditioned ones
are 44 units. According to the analysis, porosity varies between 16-34%, permeability
—1.9-2151.1 mD, averaging 25.8% and 212.3 mD.

Horizon J 2.1V was studied by 25 samples from 5 wells. Conditioned - 13
analyses. Porosity varies in the range of 16.2-31.5%, permeability — 1.2-1253.4 mD,
average values of 24.2% and 293 mD.

The J-V 2 horizon was studied by 4 drill sample analyses from wells. Collectors
of this horizon are not characterized by conditioned samples

2 Geological part
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2.1 Lithological and stratigraphic characteristics of the field

The geological structure of the deposits under consideration involves a complex
of sediments typical of salt domes, ranging from halogen sediments of the Kungurian
tier of the Lower Permian to the Quaternary inclusive. The lithological description,
electrocarotage and microfaunistic characteristics of individual stratigraphic
complexes are given on the consolidated geological and geophysical section.

Permian system - P Lower Permian Series - P 1 Kungurian stage - P 1 k

The most ancient deposits uncovered by wells are the hydrochemical sediments
of Kungurian tier skogo tier. The deposits of the Kungurian tier are divided into two
parts: the upper — caprock and the lower — salt. Caprock is lithologically represented
by gypsum, anhydrite, overlapping with terrigenous rocks. Halogen deposits are
represented by white crystalline salt. The exposed thickness of the deposits of the
Kungurian tier on the field ranges from 2m to 150m.

Permian - Triassic — PT (undifferentiated strata of Triassic and Upper

Permian sediments)

Permian deposits were uncovered by drilling on all wings of the structure.
Lithologically, the deposits are represented by alternating sandstones and clays with
low-power layers of sands, limestones, marls and gypsum inclusions.

Clays are dark green, green, greenish-gray, dark gray, dense, sandy. Sandstones
are gray, greenish gray, dense, sandy. The sandstones are gray, greenish-gray, fine- and
medium-grained, strong, on clay-carbonate cement, sometimes with the inclusion of
brassil. The thickness of Permian-Triassic deposits in the wells of the field ranges from
8-169m.

There are 3 oil horizons — I-PT, 1I-PT and I1I-PT - installed in Permian-Triassic
deposits on the field.

Jurassic System — J Lower Series —J 1

On the blurred surface of the Permian, the Lower Jurassic deposits are
unconformably deposited. By drilling, they are opened on all wings of the structure.
Lithologically represented by sands with subordinate interlayers of clays and
sandstones.

The sands are gray, multi-grained, compacted, clayey, with quartz pebbles and
interlayers of gray, dense clays, with charred plant residues. The sandstones are gray,
medium-grained, strong, on calcareous and clay cement.

The thickness of the Lower Jurassic deposits along the wells of the varies from
8to 95 m.

Middle Series—J»

Middle Jurassic deposits have been uncovered on all wings of the structure.
Lithologically, the deposits are represented by a thickness of alternating sandy and clay
layers. Clays are brown, dark brown, gray, brownish-gray, sandy, with separate layers
enriched with carbonaceous matter. The sands are gray and dark greenish-gray. In the
section there are interlayers of light gray sandstones, strong, on lime-clay cement.
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There are interlayers (up to 0.5 m) of brown coal. The deposits of the Middle Jurassic
on the field are the main productive strata of the field, where 10 oil horizons are
established (1 1-J 2, 1 2-J 2, 1 3-J 2, 1 4-J 2, 1 5= 2, 11-J o-lentil 1, 11- J ,- lentil 2, 111-J 5, IV-
J 2, V-J2).

On the field, the thickness of the Middle Jurassic sediments traversed by wells
throughout the section varies within 44-369 m, the minimum uncovered is 6 m.

Upper Series —J 3

On the field, Upper Jurassic deposits in the vaulted parts of the structure are
eroded and are found only on the periphery of the northwestern wing in wells
Lithologically, the deposits of the Upper Jurassic are represented by dense marls and
clays. Marls are dark gray, gray with a greenish tinge, with fragments of fauna. Clays
are dark gray, gray, calcareous, slightly sandy.

The uncovered thickness on the field - 17 is 63m,

Cretaceous system — K Lower Series — K 1

The deposits of the Lower Cretaceous are represented by the Neocomian Upper
tier, the Aptian and Albian tiers.

Neokomian superstage - K 1 nc

On the Kamyshitovoye SW field, Neocomian deposits with erosion and angular
disagreement occur in the Upper and Middle Jurassic. From above, they are eroded by
the Aptian, and in some cases by the Albian transgressions. The deposits of Aptian and
Albian fall inconsistently on different horizons of the Neocomian. It is not possible to
divide the Neocomian into the Barremian and Goterivian tiers. The description of the
Neocomian strata is given as a whole.

Lithologically, the deposits are represented by green clays, greenish-gray, silty,
slightly micaceous, with charred plant remains, with interlayers of sands, sandstones,
less often marls. The sands are fine-grained, greenish-gray, micaceous. Sandstones of
the same shades, fine-grained, micaceous, slightly cemented. There are interlayers of
marl greenish-gray, strong.

There are 3 oil horizons (To 1 nc, I11-nc and IVV-nc) on the field in the Neocomian
deposits, and

The thickness of the Neocomian deposits on the field varies from 0-10 to 140m,
in most wells within 40-70m,.

Aptian stage - K 1 a

The Aptian deposits with erosion and disagreement fall on various horizons of
the Neocomian. They are opened by deep exploration, operational and structural
exploration wells. Lithologically they are mainly represented by dark gray, almost
black clays, dense, greasy to the touch, silky with fragments of fauna. Among the clays
there are marls, lenses of sand.

At the base of the apta lies a basal horizon of fine-grained sands with pebbles.
The power of this horizon is variable, ranging from 0 to 10m. This horizon corresponds
to the upper bundle of the Aptian-Neocomian oil and gas horizon. The thickness of the
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Aptian deposits on the field ranges from 0-8 to 81.5 m, in most wells— within 30-40m,
Albian stage - K 1 al

The deposits of the Alb tier have been uncovered by all drilled wells.
Conventionally, the Albian deposits are divided into two stratas, one of which is
represented by an undifferentiated bundle of Upper Albian-Cenomanian age, the other
is of Lower-Middle Albian age.

Lower+Middle alb - K 1 al 1+2

The Lower-Middle Albian deposits lie on the eroded surface of the Aptian and
Neocomian deposits.

Lithologically, the Lower-Middle Albian deposits are represented by dark gray,
silty, dense clays with interlayers and lenses of gray, light gray, fine-grained,
micaceous sand.

Oil and gas horizons (ll-al ,, ll-al ,-1pl, Il1-al ,- lentil 2) are located on the field
in the middle part of the section. The thickness of the Lower-Middle Albian deposits
ranges from 132 to 197m.

Upper Alb+Cenomanian - K 1 al 3+s

Lithologically, this stratum is mainly represented by dark gray, gray, dense,
noncarbonate clays, with small charred plant remains and fragments of fauna. In the
clays there are nests and layers of gray, micaceous sand, sometimes layers of fine-
grained, strong sandstone.

On the field, the Upper Albian oil horizon (I-al 3) is confined to the sole of the
Albian-Cenomanian strata.

The thickness of the Albian-Cenomanian deposits varies from 27.2 to 90.9 m.

Upper Series- K >

The Upper Cretaceous deposits have been uncovered by all wells and are
represented by rocks of the Turonian-Conacian, Santonian, Campanian tiers, in the
downthrown block there are deposits of the Maastrichtian tier.

Turonian-Conacian stage - K » t+k

The deposits of the Turonian-Conacian tier lie inconsistently on the blurred
surface of the Albian Cenomanian. Lithologically they are represented by greenishgray
marls, dense, with fragments of thick-walled shells, with layers of grayish-white chalk,
grayish-green limestone, strong. At the base of the Turonian-Conacian deposits lies a
phosphorite horizon containing phosphorite pebbles of good rolling.

On the field, a small oil horizon is noted in separate wells No. 55, 66, 79 and 99
in the sole of the Turonian. The thickness of the horizon is 3-7.5m, the resistance is
47.50 mm. The horizon is not ubiquitous and occurs in the form of individual lenses
that do not have industrial significance. The thickness of the Turonian-Conacian
deposits on the field ranges from 9 to 52 m.

Santonian stage - K 2 st

Lithologically, the deposits of Santon are mainly represented by light gray,
greenish, dense marls, white chalk with the inclusion of pyrite. The thickness of the
Santonian deposits ranges from 2 m to 56 m per the field and from 50m to 90 m.
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Campanian stage (K-km)

Campanian deposits are represented by marls greenish-gray, light gray. There
are fragments of shells, crystals of pyrite, layers of white writing chalk.

The thickness of the Campanian deposits on the field ranges from 0-2m to 28m,
on the Flat from 50 to 90m.

Maastricht stage (Km)

The Maastrichtian deposits are exposed in the downthrown block by structural
wells. Lithologically they are represented by white chalk, writing and marls
grayishgreen, clayey, dense with fragments of fauna and powdery pyrite. The exposed
thickness of the Maastrichtian deposits ranges from 8 to 120 m.

Neogene-Quaternary deposits (N+Q)

Neogene-Quaternary sediments occur transgressively on various Mesozoic
sediments. Lithologically, the deposits are represented in the lower part by dark green,
gray, dark gray, dense, calcareous, sandy, sometimes with limestone interlayers, with
fragments of fauna, and in the upper part by brown, brown, dark gray, gray with a
greenish tinge, silty, calcareous and grayish-yellow sands, mixed-grained.

In Neogene deposits at depths of 70-80 and 90-100 m, a low-power gas horizon
is traced in many wells, which does not have a continuous distribution..

The thickness of the Neogene-Quaternary deposits ranges from 122 to 152 m.

2.2 Tectonics

The area of the studied area is located in the southwestern part of the Estuary
block and in the relief of the foundation belongs to the North Caspian uplift within the
Astrakhan-Aktobe uplift system. Within the North Caspian uplift, Astrakhan,
Oktyabrskaya, Novobogatinskaya, Baksay anti-wedge structures are distinguished.
The area under study is located on the northern slope of the Novobogatinsky
Mesocainozoic.

Regional uplift. The Novobogatinsky uplift is located to the east of Oktyabrsky
and represents a sublatitudinal oriented object. At the same time, a significant part of
the uplift along the foundation is located within the water area of the Caspian Sea. The
elevation is contoured with a structural contour —9500m. The arch of the elevation is
fixed at -9000m. The dimensions of the structure within the land part are 100x40 km.

A characteristic feature of the salt domes on the work area is the relatively
shallow (150-600m) occurrence of salt massifs and the penetration of the above-salt
complex of sediments with salt up to the level of Neogene-Quaternary precipitation.

The area under consideration is confined to is confined to the salt dome structure
complicating the southern slope of the Novobogatinsky uplift.

According to the structure of the postsalt complex of sediments, the uplift of the
field is a three-winged salt dome structure measuring 5x6.5km.

The north-western, south-western, and eastern wings correspond to the slopes of
the salt and are separated from each other by a three-beam downthrown block.
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On the wings and in the downthrown block, Jurassic and Cretaceous deposits of
various ages, overlain by Neogene-Quaternary sediments, come to the daytime surface.

A 3D seismic survey carried out in 2005 illuminated the north-western wing,
within which oil and gas deposits were developed. Oil and gas content has not been
established on the south-western and eastern wings. The structural plan for the roof of
the reflecting horizon VI corresponds to the roof of the Kungur stage of the Lower
Permian deposits, represented by a saline formation, sometimes overlain by gypsum,
anhydrite with layers of terrigenous rocks. This structural plan shows one positive
structure in the southern part of the square. Its dome part is located south 0. The
amplitude of the structure along the closing structural contour -1100m is 730m. In the
central part of the square, the salt dome is complicated by a structural nose extended in
a northerly direction from wells. Within the investigated area, the salt dome does not
close and, apparently, most of it is located to the south.

Above the roof of the saline formation, deposits of Permian-Triassic age are
deposited.

To the south of wells, the structure is broken up by subparallel tectonic
disturbances of the northeastern strike.

Reflecting horizons associated with the roof of the productive layer | ;-J , and
the roof of the Middle Jurassic sediments (Ill OG), are traced over the Permian
sediments. During the deposition of the Middle Jurassic sediments, a significant
structural restructuring took place. So, the form of the positive structure has changed
somewhat. If in the Permian sediments it was a dome of a fairly simple shape, inheriting
the features of the salt formation and in the southern part bounded by a salt dome cutting
zone, then in the Middle Jurassic sediments it is a brachianticlinal fold elongated from
the southwest to the northeast. The dome part of the fold is shifted in a north-westerly
direction in comparison with the underlying horizons. Apparently, such a structural
adjustment is associated with the activation of salt dome tectonics. At the time of the
beginning of the accumulation of sediments of the Middle Jurassic age, the depression
near the salt dome, which arose as a result of the intensive movement of the salt mass
into the dome arch, was compensated by sedimentary material. As a result of the
subsequent alignment of the pack of the saline formation over the pre-existing
depression, a positive fold was formed, which persisted in subsequent geological time
until the Cenozoic era. Otherwise, the structural plan is inherited. Just as at the level of
the reflecting horizon along the roof of Permian deposits, in the Middle Jurassic strata,
the structure in the eastern part of the area is represented by a structural nose. From the
features of positive structures observed on structural maps on the roofs of the Middle
Jurassic strata, it can be noted that the main brachianticline fold is elongated in a
northnorth-easterly direction along the line of the main discharge to the northwest of
it. At the northern end of this structure, a structural nose begins, which is extended to
the east

Previously, this feature of the structural structure of the area was not identified,
and therefore, this area of the area has not been studied by drilling. The structural nose
is divided by a series of tectonic disturbances into blocks that may contain isolated
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hydrocarbon deposits that are not affected by the development of the main deposits. Up
the section to the roof | ; of the Middle Jurassic horizon, the structural plan is being
flattened, which indicates a calm tectonic regime and sedimentation trends towards
compensation of the basin. In the arch of the structure, the Middle Jurassic deposits are
partially eroded. The reflecting horizon along the roof of the productive horizon I ;-J ;
practically repeats the roof of the Middle Jurassic Tectonically, in the Middle Jurassic
sediments, all the established faults are traced, dividing the structure into 11 blocks. In
addition, according to drilling data, several violations have been identified, which are
the basis for the allocation of additional blocks.

Neocomian deposits with angular and stratigraphic disagreement lie on the
eroded surface of the Jurassic.

Reflecting boundaries along the roof of productive horizons of Lower Cretaceous
age are traced higher along the section: 11l Neocomian horizon, AptianNeocomian

horizon, Upper Albian deposits. Structurally, the structure of these horizons is
inherited, i.e. the main geomorphological features described for the Middle Jurassic
deposits are preserved in the interval of the Lower Cretaceous deposits. At the same
time, the conditions of sedimentation and burial of rocks in this interval of the section
were somewhat different. A feature of the structure of the Lower Cretaceous age strata
Is the presence of more extensive washouts in the dome part of the brachianticlinal fold.

By the beginning of the Albian, the Aptian-Neocomian deposits were formed,
partially eroded in the arch part, which are the sole of the Albian deposits.

This boundary is the boundary of angular and stratigraphic disagreement. The
structural plan constructed according to this reflecting boundary is significantly flatter
compared to the underlying horizons. There is some structural restructuring in the
central part of the square. If at the lower boundaries the highest area of the fold was
located to the northwest of the main discharge, then at the horizon level by ; a the
amplitude of disturbances decreased significantly and in hypsometric terms the
southern part of the structure was dominant.

In addition, the elevation associated with the salt dome in the southern part of
the square becomes more significant on the square. The remaining structural elements
described earlier are preserved, becoming less relief and more gentle.

All tectonic disturbances established by seismic materials are traced within the
Aptian-Neocomian deposits.

In the Albian sediments of the section within the area, a reflecting horizon was
traced, confined to the roof of the Upper Albian productive horizon. With respect to
the boundary of the sole of the Albian deposits, these surfaces become more flat, and
the amplitude of tectonic disturbances decreases from bottom to top.

The arched part of the anticline shifts to the southwest. Now the dominant
position in the plan is occupied by the area in the center of the square to the south of
the main fault.The reflecting boundary of K ; st is traced above along the section,
corresponding to the roof of Cretaceous sediments of Santonian age. The structural plan
is significantly flatter compared to the underlying reflecting horizons. There are no
pronounced positive structures observed in Cretaceous, Jurassic and Permian
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sediments. A chain of uplifts stretches from the southwest to the east, which can be
associated with the brachianticlinal fold observed on the underlying horizons. The
structure is sinking in a northwesterly direction.

The Rovnoye structure is confined to the Southern slope of the Novobogatinsky
uplift and to the salt spur stretching from the salt core of the Kamyshitovoye square
towards the salt dome structure of the Martysh. The depth of the salt surface is minus
1400-1600 m.

According to the above-salt deposits, the structure is an anticline fold with
dimensions: 4.5 x 2 km (minus 900 m in the structural contour). The northern, relatively
elevated wing is distinguished, and the southern — lowered, separated from each other
by downthrown block.

The northern wing has an anticline structure. The extension of the anticline is
sub latitudinal. The lowest absolute mark of the Il reflecting horizon in the arch is
minus 780 m, the amplitude of elevation is 120 m. The V reflecting horizon
(PermianTriassic surface) can be traced at a depth of minus 1200-1900 m.

The rocks of the northern slope are immersed in the muld, separating the
structure of the Level from the structure of the Gran. In the center of the muld there is
a mark Il of the reflecting horizon minus 1100 m. The southern slope is limited by the
discharge of the downthrown block F;. Industrial productivity at the deposit under
consideration is established in the Aptian and Neocomian deposits on the northern wing
of the structure

3 Special section
3.1 Geological modelling

Reservoir modeling is a powerful reservoir management technique. It allows the
engineer to understand the geology of the reservoir and predict its forecasting under
various development scenarios. Reservoir forecasting prediction can be used to solve
problems associated with planning, operation and diagnostics at all stages of field
development.

The main purpose of the geological modeling of the field is to create a basis for
further modeling of the movement of fluids in this field. Of course, the geological
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model is also used to calculate geological reserves, but this is not its primary task, since
In most cases reserves can be calculated with a sufficient degree of accuracy using
methods that are simpler than geological modeling.

Along with the fact that modern geological modeling allows you to get a 3D
understanding of the reservoir structure, the nature of the distribution and variability of
its parameters and fluids saturating it, it also makes it possible to assess the
uncertainties that inevitably arise when trying to model a real geological setting.

Modern geological modeling makes it possible to evaluate and take into account
in the model the uncertainties caused by the lack of knowledge about the structures and
properties of the reservoir outside the wells. One of the main tools of geological
modeling that allows you to do this is geostatistics.

Schlumberger's Petrel software package was used to build a 3D geological
model. The main stages of geological modeling are (picture 3.1):

-Data analysis and preparation of needed information, data download;

-Structural modeling;

-Facies modeling;

-Petrophysical modeling; -Reserves

estimate.

These materials used in project:

-Well information (coordinates, altitude, MD);

-Structural maps;

-Well log interpretation results (clay, porosity and oil saturation, water
saturation);

-Stratigraphy of wells.

Collection and analysis Structure modeling
of initial information __ [~ e ——
[ = =

hiofacigs modeling

\
\
|

|

Picture 3.1 - the main stages of creating a digital geological model 3D

After loading all the available data into the Petrel, work was carried out to verify
the materials for their conditionality. Based on the work, it was noted that all materials
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for 8 wells are conditioned and it is possible to perform work on geological modeling.
The pic. 3.2 shows well’s location in the Petrel 2D window.
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Picture 3.2 — Well map
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Picture 3.3 - Structural map of top of productive horizon
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Picture 3.4 - Structural map of bottom of productive horizon

At the initial stage of the work, stratigraphy for productive formations were
analyzed through the well correlation window (well section). As a result of the updated
tops, structural maps were rebuilt based on seismic maps and stratigraphy (pic. 3.3. and
pic 3.4).

Building a structural frame.

The simple grid process was used to build the structural frame based on structural
maps of J2 and J3 (pic 3.5-3.6).
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Picture 3.5- Process of simple grid
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Picture 3.6- 2D view of model grid

After obtaining grids of 50x50, next step was choosing parameters of zones and
layering. Zone of interesting doesn’t have additional zones, so zones are not changed
and set by default. Well log dates have high resolution (20 cm), so layering choosed as

proportional with 200 cells (pic 3.7-3.8).
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Picture 3.7-3.8 — Zone and layering process

After the structural framework, the Well log upscale procedure was performed —
rescaling of well data into grid cells (pic. 3.9).

Picture 3.9 — Well log upscaling for water saturation

The arithmetic method was used for averaging continuous well curves of clay,
porosity and water saturation into grid cells. This means that all values that correspond
to one cell in the interval of 0.2 meter will be arithmetically recalculated into a single
value. The most of method was used for the lithology curve, because lithology curve
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has discrete format. This means that of all the values that fall into the depth of the cell,
the largest value in the cell will be selected.

Data analysis.

The next step in building a geological model is to determine the method of
distributing petrophysical properties within the grid. In other words, it is necessary to
calculate the mathematical relationship between all the wells. For this purpose, the Data
Analysis module was used, which allows the construction of a variogram depicting the
dependence, where the direction of distribution (major and minor), its azimuth, and
vertical resolution are determined (pic. 3.10-3.11).
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Picture 3.11 — Variograms process

Petrophysical modeling
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The next step in the workflow was the construction of a lithology cube (pic.
3.12), which was distributed using the Facies Modeling module. The SIS (Sequence
Indicator Simulation) method was utilized for the lithology distribution.

After the above-mentioned tasks were completed, the main part of geological
modeling began, which involves the petrophysical distribution of properties across the
studied area. The Petrophysical Modeling module was used for property distribution.
Petrophysical modeling in this study is based on Gaussian Simulation. This means that
porosity and saturation (3.13) properties are distributed using Gauss Simulation and

with the lithology cube.
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Picture 3.13 — Water saturation 3D cube
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The initial data for building cubes of petrophysical parameters were the results
of well log interpretation. The porosity cube is constructed using petrophysical
modeling by SIS interpolation of well log interpretation data in reservoir intervals. The
saturation cube is constructed by SIS interpolation of well log interpretation data.

The SIS algorithm is a stochastic modeling method that performs the following

actions:

Sequentially traverses points on the grid with unknown values along a
random trajectory;

Determines what values and with what probabilities the parameter can
have at this unknown point according to the known values of this
parameter (wells);

Implements the obtained probabilities randomly and puts them at the point
under consideration;

The value placed at the point is added to the number of known data and
can be used to find values at new points.

Quiality control of the building of the porosity and saturation cubes was carried
out by comparing histograms of the distribution of values over a 3D cube and according
to well log data.
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Picture 3.14 — Porosity 3D cube
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Picture 3.15 - Porosity distribution diagram

Based on the results of lithology cube was built the net to gross (NTG) cube by
the mathematic calculator — NTG=lithology cube.
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Picture 3.16 - Net to gross 3D cube

After obtaining the geological model, calculations can be performed to assess the
hydrocarbon reserves. It is important to have the value of the oil-water contact (OWC)
for reserve estimation. In this study, the OWC is chosen at a depth of -546 m (pic. 3.17).
These data are incorporated into the geological model using the Contacts module
(Pic.3.18).

The next step involved resource assessment based on the constructed anisotropic
geological model. This stage was performed through the Volume module (pic. 3.29).
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Since the Petrel software provides resource calculation results in volume, the VVolume
stage included the addition of the oil density value (820 kg/m3) and a formation

Volume factor (1.20). After inputting all the values, the calculation process was
initiated, and a table of resources for each reservoir was obtained. According to the

results of preliminary calculations of the 3D geological model, the total initial oil
reserves of the studied field is 3 million tons.
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Picture 3.17 — OWC on lithology cube
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Picture 3.18-3.19 — Volume and Contact process

According to the geological model | picked new points for project wells.
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Picture 3.20 - Structural map of J2
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Picture 3.21 - Oil saturated map of J2
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Picture 3.23 - Project wells on intersection profile of Water Saturation cube
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Picture 3.24 - Project wells on structural map CONCLUSION

In this project, work has been done to construct a geological 3D model with
subsequent selection of locations for drilling wells. During the work, updates were
made to the stratigraphic markers of productive horizons, structural maps were rebuilt,
and an anisotropic geological model was constructed using new algorithms for property
distribution. Petrel software was used for these tasks.

During the work, a new understanding of sedimentation patterns in the
productive horizons of the Middle Jurassic deposits was obtained, which helped apply
the correct distribution of properties across the study area.

Based on the results of the completed work | have the following
recommendations:

1. Do a special core analysis on drilled wells to determine petrophysical
properties;

2. Do additional research on sedimentation based on well log data, core
analysis, and seismic surveys;
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3. Drill additional wells in the uplifted part of the structure, which has a
tectonic trap;

4. Adhere to a proper well spacing pattern during drilling operations;

5. Conduct specialized types of well log analysis in the newly drilled wells
to enhance the resolution of the geological model,

6. Update the geological model based on the new wells.

USED MATERIAL

1. Work report by Gulshat Imasheva to 2021 year

2. Zakrevski K.E. “3D Geological modeling” p22

3. Ababkov K.V. Suleimanov D.D “Fundamentals of 3D digital geological
modeling” P4

4. Petrel brief manual (2017)

5. Lamotte A.F., Lamotte D.F., Leturmy P., Souloumiac P.-Geological
objects and structures in 3D. Observation, interpretation and building of 3D models”

6. Zaxarov A.A. -Models, algorithms and programs that develop the
technology of 3d modeling of oil and gas fields”
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