MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF
KAZAKHSTAN

K.I. Satbayev Kazakh National Research Technical University
K. Turyssov Geology and Oil-Gas Business Institute

Department of Hydrogeology, Engineering and Petroleum Geology

Gulaiym K. Izturganova

THESIS

Topic:«Geological structure, oil and gas occurence of the South-Mangyshlak system
and studying the reservoir properties of the productive horizon, the effect of
hydraulic fracturing on the reservoir properties of terrigenous rocks in the Uzen
field»

6B05201 — Geology and exploration of mineral deposits

Almaty 2023



MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF
KAZAKHSTAN

K.I. Satbayev Kazakh National Research Technical University
K. Turyssov Geology and Oil-Gas Business Institute
Department of Hydrogeology, Engineering and Petroleum Geology

ALLOWED TO DEFENCE
Head of the Department of
Hydrogeology, engineering a petrﬁﬁg!:ology,

~ jﬁl?)mProfessor
T. A. Ensepbayev

oc 2023 y.

THESIS

Topic: «Geological structure, oil and gas occurence of the South-Mangyshlak
system and studying the reservoir properties of the productive horizon, the
cffect of hydraulic fracturing on the reservoir properties of terrigenous rocks in
the Uzen field»

6B05201 — Geology and exploration of mineral deposits

Student
G. K. Izturganova

Research supervisor

PhD, senior- lecturer
( Science degree, position)
T.S. Jarassova

Signature Full name

Reviewer

Almaty 2023



MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF
KAZAKHSTAN

K.I. Satbayev Kazakh National Research Technical University
K. Turyssov Geology and Qil-Gas Business Institute
Department of Hydrogeology, Engineering and Petroleum Geology

ALLOWED TO DEFENCE

Head of the Department of

Hydrogeology, engineerin%ﬁfoleum geology,
/j/:// Sy PhD, Professor

> s w .= .. T.A.Ensepbayev
= KA 06 2023 y.

For thesis
TASK

Student: Gulaiym K. Izturganova

Topic: «Geological structure, oil and gas occurence of the South-Mangyshlak system
and studying the reservoir properties of the productive horizon, the effect of hydraulic
fracturing on the reservoir properties of terrigenous rocks in the Uzen fieldy
Approved by order Ne408 of the Rector of the University 2022 year "23"November
Completed Work Delivery Date 2023 year "05"June

Initial data for the thesis: were obtained during internship, additional literature
Summary of the thesis: Influence Hydraulic Fracturing to filtration-capacitive
properties of Uzen field’s rocks.

List of issues considered in the diploma work

a) General information about oil and gas basin.

b) General information about oil field.

¢) Filtration-capacitive properties of rocks before HF

d) Fracturing efficiency analysis.

e) Economic part

The schematic materials are listed in the 22 slide

Number of references: 16




To preparation of diploma work

TABLE
Title of sections', list of issues Date of delivery to research Remarks
u_nder consideration supervisor and commissions
Overview of oil and gas basin 27.03.2023 Doge
Overview of oil field 07.04.2023 Done.
Filtration-capacitive properties of 17.04.2023
rocks before HF Deone
Fracturing efficiency analysis 05.05.2023 Donz
Economic part 05.05.2023 Dore
Signatures
of the commission of departments of thesis
and the controller of the norm for completed work
Commissions,
Title of list name, patronymic, Signature Signature
surname date
(degree, position)
Overview of oil and T.S. Jarassova PhD,
gas basin senior-lecturer o 703 23
Overview of oil field. T.S. Jarassova PhD,
senior-lecturer 07. 0423
Filtration-capacitive T.S. Jarassova PhD,
properties of rocks senior-lecturer /7 0%, 73
before HF
Fracturing efficiency T.S. Jarassova PhD,
analysis senior-lecturer 0504 42
Economic part T.S. Jarassova PhD, ;
senior-lecturer 0508 43
Standart control M. E. Sanatbekov M
Master, assistaint 220523

Research supervisor:

=
The student who completed the task: %//

Data

T.S. Jarassova

Signature

G. K. Izturganova

&/ / Signature

" 13

" povem berz

2022 y.




ABSTRACT

The object of the thesis research is the Uzen oil and gas field located at the
Zhetybay-Uzen tectonic step in the South Mangyshlak oil and gas region.

The thesis is intended for analysis of reservoir properties of productive horizons of
the field and description of filtration-capacitive properties of rocks.

In the first and second parts of the thesis, the geological structure of the study area
and field, as well as tectonics, litho-stratigraphic characteristics and oil and gas content
were studied.

The practical section is devoted to studying the reservoir properties of productive
horizons, determining the influence of hydraulic fracturing on the filtration-capacitive
properties.

In the economic part, the economic efficiency of the fracturing method is justified,
taking into account all costs.

Key words: South Mangyshlak, Uzen oil and gas field, tectonics, oil and gas
content, filtration-capacitive properties, reservoir, permeability, hydraulic fracturing,
geophysical studies of wells, well, crack, flow rate, water-oil contact.

The thesis consists of an annotation, content, introduction, four sections,
conclusion, list of used literature. The thesis contains, 42 pages 22 figures, 6 tables.

AHJATIIA

JIunnoMABIK  KYMBICTBIH ~ 00bekTici  OHTYCTIK  MaHFbINUIAK ~ MYHaWTa3 bl
00JbICBIHBIH JKeTi0aii-O3eH TEeKTOHMKAIBIK CaThIChIH/Ia OpHANIACKaH O3€H MyHali-ra3 KeH
OpHBI OOJIBITT TAOBLIA/IBI.

JINTUTOMIBIK  KYMBIC KEHOPBIHHBIH OHIMJII TOPWU3OHTTAPHBIH KOJIIEKTOPJIBIK
KaCHUETTepiH TajjayFa JKOHE Tay-)KbIHBICBIHBIH  (DUIBTPAIUSIIBIK-CHIABIMIBLIBIK,
KACHETTEpIiH CUIIaTTayFa apHaJFaH.

JIuTutoMHBIH, OipiHIII JKOHE eKIHIM OeiMiHAEe 3epTTelNiN OThIpFaH ayJaH MEH
KCHOPBIHHBIH TCOJIOTHSIBIK KYPBUIBICHI, TEKTOHHMKACHI, JIMTOJOTO-CTPATUTPA(USIIBIK,
CHUIIaTTaMacChl )KOHE MYHANTa3IbUIBIFBI AUKBIHAIFaH.

[IpakTukanplk OejaiM ©HIMJI TOPH3OHTTAPABIH KOJUICKTOPJBIK KAaCHETTEPiH
cumnaTTayfa, KabaTThl CyMEH >Kapy OJICIHIH KaOaTThIH (UIBTPAMSIIBIK-CHIABIMIBLIBIK
KACHETTEpIHE 9CEPIH aHbIKTayFa apHaJIFaH.

DKOHOMUKAJIBIK OeliMze OapJiblK HIBIFBIHIAPABI €CEINKE ajia OTHIPHIN, KaOaTThl
CYMEH Kapy 9J1ICIHIH YKOHOMUKAJIBIK KaFbIHAH THIMJILIIT HET131eI/11.

Heri3ari ce3mep: OHTycTik MaHfbimiak, ©O3€H KEH OpHBbI, TEKTOHUKA,
MYHaWTa3ablIbIK, (QUIBTPAUSIBIK-CHIMBIMABIIBIK KACUET, KOJUJICKTOp, OTKI3TIIITIK,
KabaTThl CyMEH apy, YHFbIMajapabl reo@u3uKanblK 3€pTTEY, YHFbIMA, YKapBIKIIAK,
nebuT, cy-MyHaii xarcapsl T.0.



JINTUTOMHBIK KYMBIC aHJATIAgaH, Ma3MYHBIHAH, KipicnieAeH, TOpT O6IIiMHEH,
KOPBITBIH/IBIJIAH, MaiijaaHbUIFaH 91eOMeT Ti3IMIHEH Typaabl. JIUIIIOMIBIK XyMbicTa 42
oet, 22 cyper, 6 kecte Oap.

AHHOTAIIUA

OOBEKTOM HCCIEOBaHUS TUIIIOMHONM pabOThI sIBIIsIETCA Y3€HCKOoe HedTerazoBoe
MECTOPOXKICHUE, PACIIOJIOKEHHOE HAa TEKTOHMYECKOW cTyneHu JKeTwniOaii-Y3eHb B
FOxxHO-ManrsInurakckoi HeTerazoBoi 00IacTH.

JuruioMHass paboTa MNpegHa3HayeHa Uil aHaln3a KOJUIEKTOPCKHX CBOMCTB
IPOJYKTUBHBIX TOPU30HTOB MECTOPOKACHUS U ONUCAHUSA (PUIBTPALMOHHO-EMKOCTHBIX
CBOMCTB I'OPHBIX IOPOJI.

B mnepBoii M BTOpPOHM 4YacTH JAUIUIOMA M3YYEHBI TE€OJIOTMYECKOE CTPOEHUE
UCCIENYEMOTO paliloHa W MECTOPOXKACHMS, a TaKKe TEKTOHHMKA, JIUTOJIO-
cTpaTurpapuyeckas XapakTepUCTUKA U HEPTETa30HOCHOCTb.

[IpakTrueckuii  pas3fesl  IOCBAIIEH H3YYEHHUIO  KOJUIEKTOPCKHX  CBOWCTB
IPOJYKTUBHBIX TOPU30HTOB, OIIPENEICHUIO BIUSHNAE THAPABIMYECKOrO pa3phlBa IjIacTa
Ha (QWIBTPALIMIOHHO-EMKOCTHBIE CBOMCTBA ILJIACTA.

B skoHOMHMuYeckoll yacT 00OCHOBaHa SKOHOMHUYECKas 3()PEKTUBHOCTh METOAA
I'PII ¢ yuetom Bcex 3aTpar.

Kuntouessie cioBa: FOxxHbIiT MaHTBIILIAK, Y3€HCKOE MECTOPOKICHUE, TEKTOHUKA,
He(TEera30HOCHOCTb, (UIBTPALIMOHHO-EMKOCTHBIE CBOMCTBA, KOJIJIEKTOP,
MPOHUIIAEMOCTh, THUJIPABIMYECKUN pa3pblB IJIacTa, reOPU3NYECKHE HCCIEIOBaHUS
CKB&)XMH, CKBaXXKMHA, TPEUINHA, 1€0UT, BOJIOHE(TIHON KOHTAKT.

JlumuioMHast paboTa COCTOMT W3 aHHOTALMH, COAEpP)KaHUS, BBEACHUH, YEThIPEX
pa3zenoB, 3aKIIOYEHHUs, CIMCKA MCIOJIB30BAHHOW JUTEparypbl. JlumiomHas pabota
CONIEPKUT U3 42 cTpaHwuil, 22 pUCyHOK, 6 TaOuII.
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INTRODUCTION

In order to increase the economic efficiency of field development, reduce
direct capital investments and maximize the possible use of investments, it is
customary to divide the entire field development period into three main stages.

At the first stage, natural energy of the formation is used as much as possible
for oil production (elastic energy, energy of dissolved gas, energy of boundary
waters, gas cap, potential energy of gravitational forces).

At the second stage, secondary methods of maintaining reservoir pressure by
injecting water or gas are implemented. These methods are commonly called
secondary. At the third stage, tertiary methods of enhanced oil recovery (EOR),
which are commonly called modern, are used to improve the efficiency of field
development. For the field at the late stage of development, which is Uzen, the use
of oil recovery methods is relevant. The method of impact on the formation is
selected considering the features of the geological structure, filtration-capacitive
properties, the composition of the formation rocks and the fluids that saturate them.
This thesis will consider the conditions for the use of hydraulic fracturing in terms
of the geological structure of the development target.

This thesis is based on the available geological reports on the production
practice of the Uzen field. Materials from additional literature will also be presented.

The purpose of this topic is to study the geological structure of the field,
identify the features of the reservoir properties of productive horizons and analyze
the effectiveness of the Fracturing method, change in reservoir properties of rocks
after fracturing.

The relevance of this topic lies in the fact that Hydraulic Fracturing is the most
common methods for increasing oil recovery in the Uzen field, this method on the
productive formation has a positive economic effect due to increasing oil recovery.

The main studies are based on the analysis of available geological data on the
geological structure of this area and oil and gas potential.

The following studies were carried out during the study: study and analysis of
oil and gas content, characteristics of thickness and reservoir properties of
productive horizons.



1 Overview of the South Mangyshlak basin

The South Mangyshlak oil and gas region is located in the western part of
Kazakhstan in the Mangystau region. South Mangyshlak oil and gas region is part
of the Mangyshlak-Ustyurt oil and gas basin; controlled by the Mesozoic trough,
located in the west of the Turan Plate. The region belongs to the North Caucas-
Mangyshlak oil and gas province (Fig.1).
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Figure 1 - Overview map of the South Mangyshlak basin

In South Mangyshlak basin shallow core drilling for delineation of surface
structures began in 1957 on the Zhetybay step. In 1960 were discovered gas pool in
the Uzen field, one of the wells penetrated into a shallow gas pool in the Cretaceous
rocks. In 1961, Uzen and Zhetybay, two giant deposits are discovered in the Lower-
Middle Jurassic clastic rocks. Then, in 1972 opened a new play in the petroleum
system, the first gas and condensate flow were obtained from the Triassic section in
the South Zhetybay field. Soon after that, a number of medium and small-sized
deposits were found in Triassic rocks in the Peschanomys uplift and the slope of the
Karabogaz Arch.

Types of traps are anticline, lithologically shielded. In the Jurassic dominated
oil deposits, in the Cretaceous - gas deposits.



1.1 Geological structure

The relief of the district is characterized by a complex structure. The central
part is densely occupied, located between two drainage-free depressions Uzen and
Tunkarakshin. Densely slightly inclined to the south. Maximum absolute elevations
(+ 260m) are observed in the northern part, in the south their value does not exceed
+ 200m. In the west and northwest, the plateau ends in the form of ledges towards
the Uzen depression, occupying an area of about 500 km.

The South Mangyshlak oil and gas region is a vast area of trough. At all stages
of geological development, this area experienced a long and stable deflection,
compensated by the accumulation of thick strata of sedimentary rocks. It was in this
environment that the conditions favorable for the disposal and conversion of the
starting organic matter into bitumen and the formation of oil and gas accumulations
developed. Currently available geological materials indicate that different areas of
this territory differ in their degree of perspective.

1.2 Tectonic

South Mangyshlak basin tectonically devided into three zones: Mangyshlak
uplift system, South Mangyshlak depression and Karabogaz zone (Fig.2).
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South Mangyshlak depression includes the Segendyk and Zhazgurlinsky
troughs, dividing them the Karaginskaya saddle and the structural terrace located on
the northern side of the Zhetybai-Uzen step.

The Segendyk trough, like other troughs of this zone, is asymmetric. It has a
steep north side and is more gentle - south. The north side is complicated by a
rupture, the south side is supposedly ruptured.

The largest trough of the South Mangyshlak is Zhazgurlinsky. It is located
east of Segendykysky south of the Zhetybai-Uzen structural terrace. This trough,
like Segendyk, is sharply asymmetric with a steep north and gentle south side. A
fault runs along the north side of the trough, expressed in a sedimentary cover by a
steep flexure. The depth of deflection along the bottom of the Lower Cretaceous
deposits is about 3000 m.

To the north of the deflection described above is the Zhetybay-Uzen step - a
narrow, extended structure complicated by a series of relatively large local uplifts,
the dimensions of which along a long axis reach 20-25 km. The largest of them -
Zhetybay, Uzen and others - are industrially oil and gas. From the north and south,
this structural stage is limited by extended tectonic faults. To the west, the Zhetybay-
Uzen structural step loses clear boundaries and merges with the Karagin saddle
separating the Segendyk and Zhazgurlin troughs.

To the north of the South Mangyshlak trough zone, in the Central Mangyshlak
region, there is a large linear structure - the Mangyshlak uplift system. This difficult-
to-build zone has a sub-latitudinal stretch of more than 500 km with a maximum
width of 60-70 km. The entire Mangyshlak uplift system corresponds to the most
submerged part of the Manychsko-Mangyshlak fault system in the Permian-Triassic
time. Within the Mangyshlak uplift system, mainly Mesozoic deposits are
developed, and to a lesser extent, Polegene and Neogene rocks, which perform
mainly deflections.

The largest and clearest tectonic element complicating the northern part of the
system is the Karatau swell. This is a narrow linearly elongated structure about 300
km long and about 200 km wide. There are Permian-Triassic deposits in the most
elevated part of the swell, which make up the Karatau swell.

From the south, the Karatau swell borders on the Chakyrgan trough, made of
paleogene deposits and having an amplitude along the bottom of this complex of
about 100-150 m. In the east, the Chakyrgan trough spreads in the zone of closure
of the Karatau swell and other structural elements.

1.3 Lithology

Triassic system (T)

Lower-middle Triassic deposits are represented by carbonate rocks, tuffs,
tufa-sandstones, vulcanized rocks.

In South Mangyshlak, Upper Triassic rocks were penetrated by wells in
Zhetybay, Uzen, Tenga, Tasbulat, Shalabay and other areas. They are represented
by alternating black dense strongly limestone-mudstones, dark gray bituminous
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siltstones, light gray and dark gray massive or layered marls, light gray porous strong
massive limestones and shales.

Jurassic system (J)

Jurassic deposits are represented by all three series. On the territory of
Mangyshlak, it was possible to find the following stratigraphic series: The Lower
Jurassic, the Middle Jurassic (Aalenian, Bajocian, Bathonian stages), the Upper
Jurassic (Callovian, Oxfordian, Kimmeridgian stages).

In the Lower Jurassic, they are represented by a thickness of clays, dark gray
and gray, very dense, sometimes sandy; siltstones are gray, poorly sorted and
sandstones of gray, dense, fine and medium grained.

Middle Jurassic deposits are represented by all three stages: Aallenian,
Bajocian and Bathonian.

Deposits of Aallenian age are represented by a layer of gritstones interbedded
with sandstones, siltstones and clays. Sandstones have a whitish appearance, since
kaolinization processes are widely developed in the thickness. The presence of a
large number of gravelites is apparently due to the presence of a break in
sedimentation at the border of the Lower and Middle Jurassic.

The deposits of the Bajocian and Bathonian stages are represented by a layer
of gray colored terrigenous rocks of sand-silt-clay composition. The thickness is
generally continental, but there are interbeds of sediments of marine origin.

Upper Jurassic deposits are represented by the Callovian, Oxfordian and
Kimmeridgian stages.

Deposits of Callovian age are represented by two strata of different
lithological composition. In the Uzen field exploration area, the Lower and Middle
Callovian deposits are represented by a clay layer with sandstone siltstone interbeds.
Sandstones are relatively rare, replaced in places by siltstones. Some wells have marl
interbeds.

The deposits of the Oxfordian stage are represented by a sequence of highly
limestone clays and clay limestones. In the lower part of the stratum there is an
interbedded limestone sandstone. The age of precipitation is established by
foraminifera.

Kimmeridgian stage is found everywhere, with the exception of Uzen field.
The presence of Kimmeridgian has been proven faunistic. From the Peschanomysky
block, where Kimmeridgian is represented by carbonate rocks, carbonate rocks are
replaced by terrigenous rocks in the north-east direction.

Cretaceous system ( C)

Lower Cretaceous deposits penetrated by numerous wells within the Uzen,
Zhetybay, Zhaga, and Karagie areas are represented by marine and partly continental
sediments composed mainly of siltstones, clays, sandstones, and rarely limestones.
In the Lower Cretaceous section, the Valanginian and Hauterivian, Kugusemian,
Aptian and Albian stages are characterized.

Upper Cretaceous deposits are widespread in the Mangyshlak oil and gas
region. In the territory of the Upper Cretaceous deposits are represented by a
complete series of sediments from the Cenomanian to the Danish stage. The Lower

12



Cretaceous, terigenic complex, composed of sand-clay rocks, limestone in age to the
Cenomanian - the Lower Turonian.

Paleogene System (P)

Paleogene deposits include the Eocene and Oligocene series. The Eocene
section is represented by marls and limestones with interbeds of clays. The
Oligocene section is represented by a uniform thickness of gray and light gray clays.

Neogene System (N)

Neogene deposits are represented by Tortonian and Sarmatian stages. The
Tortonian stage is represented by a thickness of clays, marls, sandstones and
limestones. The sedimentation of the Sarmatian stage is represented by interbedding
of limestones, marls and clays.

Quaternary system (Q)

Quaternary deposits are represented by loams, sands, clays of emovial-
demovial origin. Sediment thicknesses up to 5-7 meters.

1.4 Oil and Gas Content

In South Mangyshlak, productive oil and gas horizons have been identified in
the Paleozoic, Triassic, Jurassic and Cretaceous deposits, which are considered as
an independent oil and gas contour. The identified oil reservoirs are concentrated in
four oil and gas regions: Zhetybay-Uzen, Peschanomysk-Rakushechnoe, Dunginsky
and Tyubkaragan.

The South Mangyshlak region contains most of Kazakhstan's fields, such as
Uzen, Zhetybay, Tubejic, Rakushechnoe, Oimasha, Karamandybas, Tasbulat,
Alatube etc (Fig.3).

In the basin fields, oil was found at a depth of over 150 meters (Zhanurshi)
and over 4000 meters (Rakushechnoye). South Mangyshlak oil is highly paraffinic,
in the Tasbolat field 36.7%. The Oymasha field, which differs in the basin, produces
oil from carbonate reservoirs in this field. It was discovered in 1980. The upper part
of weathered granites of coal age, terrigenous-carbonate strata of the Middle Triassic
and sandstones of the Lower Jurassic were proved.

13



Figure 3 - Overview map of major fields of the South Mangyshlak basin
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2 Overview of the Uzen field

The Uzen oil field was discovered in the Mangyshlak region of Western
Kazakhstan in 1961. The dimensions of the structure along the top of the Jurassic
productive horizons are 33 x 10 km with an amplitude of up to 300 m. The
Karamandybas and Tenge oil and gas fields are located in the immediate vicinity of
the Uzen field (Fig.4).

Economically, the region developed due to oil and gas fields, discovered in
1961. Currently, there is a large oil and gas production department of
“Uzenmunaigas” JSC, a gas processing plant.

Turkmenistan

LEGEND

® OilField

® GasField
—— OllPipeline
Gas Pipeline

Figure 4 - Overview map of the Uzen field
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2.1 Geological structure

The complexity of the geological structure of the field is due to the large
number of productive zones, the different phase state of the reservoirs, the presence
of tectonic disturbances, the lack of retention in the area and section, and the
lithological variability of the reservoirs in the intervals of the Middle Jurassic
productive layers.

The Uzen structure is complicated by five domes, most clearly traced by the
lower productive horizons: The main arch, the Humurun, North-Western,
Parsumurun and East Parsumurun domes (Fig.5).

Main Arch

North-West

Humurun

East Karamandybas

Parsumurun

‘West Karamandybas .\

@ - domes
\ - faults

East Parsumurun

Figure 5 - Uzen field’s five domes

In the geological history of the stage, three structural floors are distinguished,
separating from each other by regional stratigraphic and angular unconformities:
geosynclinal (pre-high Paleozoic), transitional (Permian-Triassic) and platform
(Jurassic-Anthropogenic).

2.2 Tectonic

Tectonically, the structures of the Uzen-Karamandybas field are confined to
the Zhetybay-Uzen tectonic step (Fig.2).

The Zhetybay-Uzen tectonic step is a structural element of the second order,
is confined to the northern side of the South Mangyshlak trough and stretches from
northwest to southeast for 200 km with a step width of about 40 km.

The Uzen structure is a large asymmetric anticlinal fold of almost latitudinal
rubbing. The south wing is larger than the north wing. The highest elevation of the
bottom surface of the horizon is 854.6 m, the low absolute elevation on the southern
wing is 1206.6 m, on the northern wing is 1165.2 m. The amplitude of the fold rise
IS 300-350 m. In the area between wells 57-61, according to seismic data, a saddle-
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shaped, small-amplitude deflection separating the Uzen axis of Karamandybas is
outlined. Despite the fact that the arch of the structure has been significantly refined,
the western perclinal immersion remains poorly studied.

2.3 Lithology

In Uzen field, there is a section including Triassic, Jurassic, Cretaceous, and
Quaternary deposits with a maximum penetrated thickness of 4500m (Well. Ne115)
(Fig.6).

Triassic deposits are represented only by the lower section (Induan and
Olenekian tiers), which is dominated by red-colored big grained tuf-terrigenous
rocks (sandstones, tuf-sandstones, siltstones) and variegated siltstone-mudstone
strata composed of mudstones with tuff interlayers, siltstones, tuf-siltstones. The
Lower Triassic deposits with thickness from 698 (well 117) to 2250 m (well 115)
were penetrated by deep drilling in the Uzen structure.

The Jurassic deposits associated with the commercial oil and gas content of
the Uzen field are transgressive on the eroded surface of the Triassic complex of
rocks. As part of the Jurassic period, according to the results of the study of fauna,
flora and data from log analysis, the lower, middle and upper sections are
distinguished. In terms of lithological composition, Jurassic deposits are clearly
divided into two complexes: the terrigenous complex of rocks of the Lower, Middle
Jurassic and the carbonate complex of the Upper Jurassic. The undivided deposits
of the Lower Jurassic are represented by interbedded sandstones, siltstones,
mudstone-like black coal clays with organic plant remains (OPR) and coal
inclusions. Middle Jurassic deposits are represented by continental, coastal - marine
and marine formations. As a result of palynological study, deposits of the Aalenian,
Bajocian, Bathonian and Callovian stages are distinguished as part of the Middle
Jurassic.

On the eroded surface of the Jurassic complex of rocks lies a layer of
Cretaceous deposits. In the section of Cretaceous, the lower and upper sections are
distinguished. According to lithological characteristics, the Upper Cretaceous is
clearly divided into two parts: the lower terrigenous and the upper mainly chalk-
marl.

In the Uzen structure, two sections of the Paleogene system are distinguished
- Eocene and Oligocene.
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2.4 Oil and Gas Content

The oil and gas content of the field was established in the Jurassic deposits,
where 12 productive horizons were identified (from horizons 13 to 24). 6 horizons
(13, 14, 15, 16, 17, 18) were identified on the upper floor of the oil and gas content
of the Uzen field: 13 productive horizons, stratigraphically belongs to the Callovian
tier of the Middle Jurassic, 14, 15 and 16 productive horizons, confined to the
Bathonian tier of the Middle Jurassic, 17 and 18 productive horizons - belongs to the
Bajothian tier of the Middle Jurassic.

6 horizons (19, 20, 21, 22, 23, 24) were identified on the lower floor of the oil
and gas content of the Uzen field. Deposits of the 19-24 horizons of the field are
terrigenous continental and lagoon-continental Middle Jurassic formations of the
Bajothian and Aalenian tiers. Productive deposits are represented by uneven
alternation of sandstones, siltstones, clays and lithological differences between
them. Among them there are thin interbeds of limestones, marls, siderite, coals,
accumulations of charred plant detritus.

By the nature of saturation, mainly oil deposits and only six deposits have gas
caps, two deposits on the Main Vault, two deposits on the Khumurun and two on the
Parsumurun domes.

The hydrocarbon deposits of the Jurassic zones are classified as formation,
arch, and tectonically shielded by type.
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3 Main part
3.1 Filtration-capacitive properties of rocks before HF
3.1.1 Brief description of the Hydraulic fracturing method

Every year hydrocarbons extracted from the subsoil become less and less
accessible. The proportion of reservoirs with good filtration-capacitive properties
decreases. When developing unconventional reservoirs and reservoirs with poor
reservoir properties, various methods of increasing oil recovery are used.

One of the most common is hydraulic fracturing.

Hydraulic fracturing has been used at the Uzen field since 2003 to increase
well productivity and increase oil recovery by involving poorly drained zones and
interbeds in active development.

The essence of hydraulic fracturing consists in injection of viscous fluid under
high pressure into the bottom hole zone of the formation, as a result of which new
fractures form in the rock and existing ones expand. Permeability in the bottom hole
zone increases dramatically and, consequently, the inflow of fluid into the well
increases. In order to prevent the fractures from closing after the discharge pressure
Is removed, a fixing agent is pumped together with the liquid. As a rule, fracturing
is carried out in inclined wells, or in wells with a horizontal end. At Uzen field it is
carried out in wells with horizontal termination. This condition is necessary for a
larger area of contact between the wellbore and the reservoir formation.

There are several varieties of fracturing:

* Propane fracturing - hydrofracturing using propane that is injected during
fracturing to prevent the fracture from closing. As a rule, this type of frac is used in
terrigenous reservoirs.

* Acid fracturing - hydraulic fracturing in which acid is used as the fracturing
fluid. It is used in carbonate reservoirs. A network of cracks and cavities created
with acid and high pressure does not require proppant fixation. It differs from
conventional acid treatment by a much larger volume of acid used and injection
pressure.

The field uses propane with a density of 2.7-3.3 g/cm2. The transfer and
location of proppant along the fracture determines the size of the fractions. Given
the wedge-like nature of the fractures gradually expanding towards the wellbore, the
propane of the small fractions is first injected and then the larger fractions are
injected.

Fracturing conditions:

* sufficient effective thickness (at least 5 m);

» sufficient thickness of impermeable sections (more than 8 m);

« sufficient distance to GOC and OWC;

* low reservoir separation;

* low permeability of the formation.
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3.1.2 Reservoir properties of productive horizons

A set of profile and standard core studies is performed in the Uzen field to
study lithological, physical, and reservoir properties, including spectral gamma
scanning, scanning the core with a computed tomograph to study the void space
photographing, macroscopic description of full-length core and samples, computed
tomography, determination of oil-water saturation, mineralogical and bulk density,
open porosity, gas permeability, particle size distribution and carbonate content,
microscopic examination of the sections and examination of the samples by a
scanning microscope.

As mentioned above, 12 productive horizons were identified in the Uzen field
- from 13 to 24. The diagrams show data on reservoir properties of rocks from
horizons 13 to 24 of the Parsumurn Dome.

Permeability values are determined for all reservoirs. The maximum average
permeability from log data is observed in 21 horizons (703 mD) (Fig.8).
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Figure 8 - Permeability of productive horizons of Parsumurun dome

The reservoir properties of the reservoir were determined both from laboratory
core data and from interpretation of field geophysical material. The figure shows
that the average porosity varies from 18% to 27%, with a maximum porosity of 13
horizons (Fig.9).
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Figure 9 - Porosity of productive horizons of Parsumurun dome

Average net pay thicknesses range from 7.8 m in horizon 13 to 24.5 m in
horizon 20 (Fig.10).
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Figure 10 - Net Pay Thickness of productive horizons of Parsumurun dome
The 14th horizon of the Parsumurun Dome was considered to analyze the

impact of geological factors on the efficiency of fracking. This analysis was
performed on 3 production wells (Fig.11).
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Figure 11 - Structural Map of Horizon 14 of the Parsumurun Dome (Well Location for Analysis)
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3.1.3 Geological factors on fracturing

Geological factors have a major impact on frac performance. Accounting for
their influence is quite complicated.

Prior to fracturing, a qualitative study of the development site should be
carried out, which includes:

* drilling exploration and exploration wells;

» core sampling of rock in which fracturing will be carried out and rock - fluid
seals;

* laboratory studies of core samples (determination of reservoir properties and
physical properties);

* well logging;

* construction of correlation schemes;

* map, profiles, sections (interpolation and extrapolation)

The following parameters were considered for the analysis: permeability,
porosity, net pay thickness, productivity index.

Average reservoir porosity and permeability values (filtration-capacitive
properties): porosity factor - 0.20 units, permeability factor - 8.29 mD. Effective oil-
saturated thicknesses vary from 15.4 m to 26.8 m.

Table 1 - Filtration-capacitive properties of wells at the time of hydraulic
fracturing.

Ne well Permeability, Porosity, % Net Pay
mD Thickness, m
1341 9,21 20 15,4
6493 8,16 20 22,4
8952 7,51 20 26,8

As we can see in Table 1, all parameters correspond to the average values for
fracking. In the Uzen field, hydraulic fracturing is used in formations with
permeability from 10 to 15 m D. In the analyzed wells, permeability varies from
7.51 m D (well 1399) to 9.21 m D (well 8109).

In order to perform fracturing, the well process parameters must also be
considered. The water cut at the time of hydraulic fracturing should be up to 68%,
and the flow rate of oil and liquid before hydraulic fracturing should be at least 3.7
t/day and 73 m3/day, respectively.

In all three wells, the water cut is 50%, and the oil and liquid production rate
before fracturing varies from 5.3 t/day (Well 8109) to 17.1 t/day (Well 1399) (Table
2).
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Table 2 - Technological parameters of wells.

Newell | Water cut, | Liquid Rate, Oil Rate, | Productivity
% m3/day t/day Index,

m3/day/atm

1341 50 12,5 5,3 0,660

6493 50 16,2 6,9 0,851

8952 50 17,1 7,1 0,894

3.1.4 Geophysical Well Survey

Prior to fracturing, logging is performed. The main tasks of GWS are:

- control of reserves depletion: determination of the nature of the current
saturation of gas, water (at a qualitative level) and determination of the current gas
saturation factor (at a quantitative level);

- determination of operational characteristics of formations (operating
intervals of the formation, inflow profile and interval flow rates, bottom hole
pressure and drawdown on the formation, interformation flows, watered intervals,
filtration characteristics of formations and interlayers);

- process monitoring of well operation: static and dynamic levels of fluid in
the wellbore, composition of fluid in the string, position of process equipment; -
technical monitoring of the condition of the wells (clarification of the actual design,
current bottom hole, tightness control of casing strings, tubing, packers and cement
ring, information support of the workover, determination of fluid movement in the
string, detection of behind-the-casing gas and water flows);

- quality control of work on intensification of hydrocarbon production.
Assessment of the effectiveness of secondary formation penetration; results of
intensification of fluid inflow after repeated and additional perforations, hydraulic
fracturing of formations; measures to change the technical condition of the well -
installation of a cement plug, explosion packers, etc.

To ensure the design of hydraulic fracturing, the following tasks are set before
logging: determination of elastic properties of rocks in the interval of upcoming
work and identification of intervals of non-uniformity of rocks. In addition, it is
necessary to assess the tightness of the annulus and the change in the condition of
the cement after fracking.

When selecting the hydraulic fracturing facility and further monitoring its
effectiveness, the reservoir performance is studied: determination of the inflow
profile, formation pressures, gas and water inflow locations, identification of water-
flooded intervals, and identification of the causes of water flooding.
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Figure 12 - Well Log 1341
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27




D

Netem tre

B o

L RN

D i

v v m—emaan 40

e e w— e

- .-_.
| L ‘ - - LA L el - L]
4
]
"  see 0
L
- e
"e i -~ - - oy 8] PO L
5 ’ 8 t- ooy el bl - sal|w - -l - el - sler e - .o - e .
l : ‘i 5 l - (- —— Smor e —t s —— (ST atm 0NN
= F - | 4 - - = = 1 = = L =3 P
1 e : ' "1
] I }
> |
1040 - -
nse | -l - ’
e § '™ ‘ %
™ (
Hmw —t~ ” - e
4 < SArETY 1
s { '™ e 3
L 1| |
e { ' - i U |
wel 3 ] s 13
(B = . —
A - g
e Nee g 4 LGy )
| | ! v
w1 - - -3 o
1 1 | L
rase | 120 | l
e - | T
W s | g f
an |
Vi it -

Figure 14 - Well Log 8952 with frac model

28




3.1.5 Perforation

The length of the perforation interval may affect the fracture. For vertical
wells, the perforation interval is limited to 15-30 meters. Table 3 shows perforation
zones for all wells.

Wells subject to fracturing must be sufficiently distant from the contour of the
water-oil and gas-oil contacts, usually at least the distance between the wells. With
less separation of the producing well from the oil-bearing contour, its rapid flooding
or gas breakthrough from the cap may occur, especially if the direction of the
hydraulic fracture is perpendicular to the contour line.

Table 3 - Perforation intervals

1341 | Top, m Bottom, m 6493 Top, m Bottom, m
1 1196,6 1198,2 1 1225,1 1227,9
2 1201,0 1202,0 2 1228,5 1233,3
3 1203,0 1203,8 3 1233,9 1238,7
4 1207,1 1207,6 4 1237,4 1240,7
5 1213,8 1216,0 8952 Top, m Bottom, m
6 1217,8 1220,0 1 1172 1184
7 1222,2 1226,0
8 1227,5 1228,5

It is known that after perforation, a fracture zone is formed around the
channels created in the formation, and the perforation channels themselves can be
partially filled with debris. Therefore, it is advisable to perforate the well on a
depression, since the perforated channels cleared of debris provide better conditions
for injecting process fluids during fracturing.

After perforation, liquid is added to the well. Propane is designed to prevent
the fracture from closing after completion of injection. Propane is added to the kill
fluid and injected with it. The main factor influencing the end result of a rupture
operation is the preservation of a well-opened crack. In order to maintain the
permeability created by proppant, a proppant is used. The proppant must provide
and maintain a high liquid flow permeability passage toward the wellbore.

3.1.6 Fracture

The increase in the productivity of the well after fracturing depends on the
ratio of permeabilities of the productive formation and the created fracture and on
the dimensions of the latter. During the design of the frac design, the optimal fracture
length is determined mainly by the reservoir properties of the pay zone. If in medium
and high permeable formations the main factor of increase in well productivity is
fracture width, in low permeable formations - its length.
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During the frac operation, the uncontrolled nature of the cracks is dangerous.
Cracks can propagate in one direction better than in the perpendicular direction.
Such a phenomenon can be fraught with the fact that the fractures can spread in the
direction up to the OWC for a longer length than along the strike of the formation.
The result will be a premature breakthrough of water into the well and untreated
areas with oil. If the frac interval is close to the OWC or GOC, there is a risk of
water or gas breakthrough through the fracture system. With an insufficiently strong
impermeable barrier, the consequence of frac can be the loss of integrity of the fluid
stop and the destruction of the trap.

In the investigated wells, the total fracture height ranges from 39 m to 44 m
(Table 4). Fracture well 1341 is located 20 m further from the oil zone, and fracture
well 6493 is located 25 m further, no oil zone was detected on well 8952 (Figures
12, 13, 14).

Table 4 - Fracture geometry

Well Half- Total Fracture | Fracture Maximum | Average
length of | fracture | top (m) | bottom | fracture width | fracture
fracture height (m) (mm) width

(m) (m) (mm)

1341 43 44 1187 1230 6,8 4.8

6493 42 39 1216 1255 7,3 4,9

8952 45 32 1161 1192 2,9 1,9

For the projecting frac uses a frac design is made using special software
packages that allow you to consider the lithological features of the reservoir, stress
in the formation, azimuth of hydraulic fractures, etc. All this makes it possible to
achieve high success during well operations. Modeling of the fracturing process
allows obtaining information on the geometric and filtration parameters of the
fracture, as well as predicting its effectiveness and correctly applying this
technology in certain geological and physical conditions (Fig.15, 16, 17).
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3.2 Fracturing Efficiency Analysis

The increase in fluid production after fracturing is largely dependent on the
potential of the well. As a potential, consider the maximum liquid flow rate before
fracturing. In the conditions of hydraulic fracturing, not only does it increase the liquid
flow rate to the maximum level reached before hydraulic fracturing, but it also
significantly exceeds it.

Well 1341

On the existing production well stock of well 1341, after hydraulic fracturing,
the average change in the well flow rate for liquid (oil) was 3.5 times. The average
liquid (oil) production rate increased from 5.3 to 18.5 t/day, and the water cut did not
change (50%) (Fig.18).

Well Ne1341

Qlig(before), t/day | NG 12,5
Qlig(after), t/day | INEG—TT ., <33
Qo(before), t/day [ 5,3
Qo(after), t/day | NI 13-
Pl(before), m3/day/atm 0,66
Pl(after), m3/day/atm 2,28
Water cut (before), % | 50
Water cut (after), % | IEEEEEEEE S0

0 10 20 30 40 50 60

Figure 18 - Change in Well Productivity

Well 6493

The formation with a permeability of 8.16 Md increased to 182.8 Md after
fracturing. The average liquid (oil) production rate changed from 6.9 to 24.6 tons/day.
The average liquid (oil) ratio was 3.5 times (Fig.19).
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Well 8952

The average flow rate before fracturing was 7.1 t/day, after fracturing it

Well Ne6493
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I, 576
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Figure 19 - Change in Well Productivity

increased to 35.3 t/day. The average oil ratio was 5 times (Fig.20).

Qlig(before), t/day
Qlig(after), t/day
Qo(before), t/day
Qo(after), t/day
Pl(before), m3/day/atm
Pl(after), m3/day/atm
Water cut (before), %

Water cut (after), %

As a result of the analysis, fairly reliable associations of the effect size after frac

Well Ne8952

I 17,1

I, 50,4

I

I, 353

0,894

3,456

I 50
I 50

40 50 60

Figure 20 - Change in Well Productivity

and geological factors, namely permeability, were established.
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The main goal of fracturing is to increase permeability by creating a fracture.
Permeability increased significantly in all wells after fracturing (Fig.21).
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Figure 21 - Change in Well Productivity
Fracturing is often used in low permeability formations, but is also carried out
with high permeability. A diagram of the distribution of the ratio of average oil
production rates before and after fracturing by permeability groups was built (Fig.22).

40

35,3

35

30

24,6
25
15
9,21
10 6,9 8,18
5,3
5 . .
0
1341 6493 8952

B Qo(before), t/day  m Qo(after), t/day K(before), mD

Figure 22 - Oil rate versus permeability

The diagram shows that fracturing in highly permeable formations has little
efficiency compared to low and medium permeable formations. If in highly permeable
formations the oil production rate increased by 3.5 times, the oil production rate in low
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permeable formations increased by 5 times. These figures can be explained by the
geology of the formation, namely its texture, which appears as lenticular -
discontinuous and parallel - stratified. Zonal and submeridial (versus sublatitudinal)
alternation of strip forms of sandstone, shale and rock dissection can be traced.

It can also be assumed that due to the facturing that the internal macrostructure
of the formation is characterized by parallel stratification, which is confirmed by the
distribution of discontinuous carbonized fine-grained sandstones, clay sandstones and
siltstones with a thickness of 0.2 to 1 m in its composition, the formation has a certain
dissection and conducting fracturing operations, thereby we obtain hydrodynamically
connected sandstone interlayers (which were previously separated by carbonate and
clay interbeds), and as a result, an additional inflow of fluid into the well is obtained.
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4 Economic part
4.1 Basic data

The economic assessment of the efficiency of hydraulic fracturing is based on
the following assumptions:

Based on the above analysis of the geological part of the project, it was assumed
to calculate the basic option for assessing frac efficiency:

- crude commercial oil will be used as the hydraulic fracturing fluid;

- an increase in the average daily oil production rate per year of hydraulic
fracturing is expected in the interval of 18-20 t/day;

- duration of frac effect is expected on average about 3 years.

- reduction of the effect of hydraulic fracturing in the second year is 25% of the
initial increase in the average daily oil production rate of wells;

- fracturing success rate will be 80%;

- specific gravity of oil 0.85 t/m?,

4.2 Hydraulic fracturing costs

The cost of hydraulic fracturing includes material costs, repairs and depreciation
of fixed assets, labor, electricity and other production costs.

The company purchases materials for hydraulic fracturing both on the domestic
market and abroad.

The domestic market provides for the purchase of diesel fuel for hydraulic
fracturing, fuels and lubricants and auxiliary materials for well workover teams,
materials and spare parts for the maintenance of equipment, buildings, structures and
equipment.

It is planned to purchase the chemicals necessary for fracking: proppant (15 tons
per 1 frac), gelling agent (1175 liters per 1 fracturing), breaker (350 kg per 1
fracturing), activator (175 liters per 1 fracturing), and surfactant (584 liters per 1
fracturing).

Prices for materials purchased abroad are accepted at the world level.

4.3 Calculation of fracturing cost-efficiency

We will calculate the efficiency of hydraulic fracturing at the Uzen field. The
cost-effectiveness of hydraulic fracturing in oil producing wells is determined.

Table 5 - Input data

Number of wells 3 well
1 Well Rate Increase 19,7 t/day
Duration of technological effect 4 year
Cost of oil (per 1 ton) 1298,7
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Price of 1 ton of ol 136 764 tenge
Fracturing cost 1 950 000

1. Additional oil production for 2023

AQ=Aq x 365 xCe¢xn (1)

where, Aq - additional oil produced in 1 day;

Ce - coefficient of exploitation
n - number of wells

AQ=(19,7 x 3) x 365 x 0,97 =20 924,35 t.

Each year, additional oil production falls by 25%, we will additional oil
production for every next 3 years.

AQ2024 = AQ2023 X 0,75 =15 693,3 L.

AQ2024 = AQ2023 X 0,5=10462, 2 t.

AQ2024 = AQ2023 X 0,25 =5 231,1 t.

2. Increase in revenue from additional oil production

ARevas = AQ x C (2) (2)

ARevagp3= 20 924,35 x 136 764 =2 861 697 803,4 tenge

ARevo024 = ARevages X 0,75 =2 861 697 803,4 x 0,75 =2 146 273 352,5 tenge

ARev,05 = ARevages X 0,5 =2 861 697 803,4 x 0,5 =1 430848 901,7 tenge

ARevoo26 = ARevages X 0,25 =2 861 697 803,4 x 0,25 =715 424 450,8 tenge

3. Expenses of additional oil production

Eas = AQ x P, where P =454,5 (3)

Eag =20 924,35 x 454,5=9 510 117,075

Ead 2024 = Ead 2023 X 0,75 =9510 117,075 X 0,75 =7132 587,8

Ead 2025 = Ead 2023 X 0,5 =9510 117,075 X 0,5 =4 755 058,5

Ead 2026 = Ead 2023 X 0,25 =9510 117,075 X 0,25 =2 377 529,3

4. Expenses of Hydraulic fracturing

Ene=1950000 x 3 =5 850 000 tenge

5. Increase in current expenses

AEcyr = Exe + Eyg (4)

AEq,r =5850 000 + 9510 117,07 =15 360 11

AEcur2024 = Eadoo24 = 7 132 587,8

AEcur2025 = Eadoo2s = 4 755 058,5

AEcur2026 = Ead2o26 = 2 377 529,3

6. Gain profit

AGaingzs = ARevags — AEcyr (5) (5)

AGain2024 = ARCV2024 — AEcur2024 =2 146 273 352,5 —-7132 587,8
=2139 140 764,7

AGain2025 = ARGV2025 — AEcur2025 = 1430848 901,7 — 4755 058,5 =
1426 093 843,2

AGainzoze = AReVzoza — AEcur2026 =715 424 450,8 -2 377 529,3 = 713 046 921,5

Table 6 - Calculation of cash and net present value gains
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Parameters

Unit

2023

2024

2025

2026

Additional
oil
production

ton

20 924,35

15693,3

10 462, 2

52311

Increase in
revenue
from
additional
oil
production

tenge

2 861 697 803

2 146 273 352

1430 848 901

715 424 450

EXxpenses
of
additional
oil
production

tenge

9510 117,075

7132 587,8

4755 058,5

2 377 529,3

EXxpenses
of
Hydraulic
fracturing

tenge

5850 000

Increase in
current
expenses

tenge

15360 117

7132 587,8

4755 058,5

2 377 529,3

Gain profit

tenge

2 846 337 686

2 139 140 764

1426 093 843

713 046 921
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CONCLUSION

The effectiveness of hydraulic fracturing was analyzed. This technology is
effective in wells 1341, 6493, 8952 of the Uzen field.

The following geological and technological parameters were taken to evaluate
the fracturing efficiency:

- porosity by well log K, %;

- net oil-saturated thickness h,, m;

- permeability factor before and after frac K, mD;

- productivity index before and after fracturing PI, m3/day/atm;

- liquid rate before and after fracturing Qiiq, t/day;

- oil rate before and after fracturing Q,, t/day;

- water cut before and after fracturing W, %;

The analysis showed that the efficiency of fracturing depends on many factors,
the main of which are: spatial orientation and geometric dimensions of the crack; well
performance before fracturing; description of the bottom hole zone of the formation;
reservoir characteristics: degree of heterogeneity, nature of distribution of sand
interbeds.

Fracturing significantly affected the filtration-capacitive properties of the layer.
Before to fracturing, permeability ranged between 7.61 and 9.21 mD. The largest effect
was in well 8952, permeability increased by 26 times, in well 6493 by 22 times, and in
well 1341 by 15 times.

After fracturing, oil production increased accordingly. In wells 1341 and 6493,
oil production increased by 3.5 times, and in well 8952 it changed by 5 times. After
fracturing additional oil production was 20 924,35 t. Expenses of HF was 5 850 000,
gain profit reached 2 846 337 686 tenge.

Thus, hydraulic fracturing significantly affects the reservoir properties of the
rocks, namely permeability. The degree of geological knowledge of the target
determines the effectiveness of hydraulic fracturing. In case of poor knowledge of frac,
it can lead to irreparable consequences and economic losses.

41



REFERENCES

1 A. W. JleraBuH, «TexkToHHMYecKoe IIOJIOKeHHMEe MaHTBIIIIAKa B OOIIEH
reocTpykrype miatdopmel DnurepiuH rora CCCPy», 1969

2 C. I1. Bapranos, B. A. KopneB, «HoBbIE JaHHBIE O T€0JIOTHYECKOM CTPOCHUHN
Cesepnoro Kacnius», 1961

3 JI. 1. Mopo3os, E. A. bapc, «OnbIT O1IeHKH IEPCIEKTUB HEPTETa30HOCHOCTH
FOxHOrO0 MaHrhIIIIaka o KOMIUIEKCY T’HIPOre0IOrMUYecKUX rmokasarenein», 1969

4 O. A. UYepnukoB, «K JUTOIOrHMYECKONW XapAaKTEPUCTUKE IMOPOJ FOPCKUX
BoxoéMoB HOxHoro Manreimniakay, 1969

5 Omnenka 3amacoB He(TH U raza 19-24 Topu30HTOB Y3€HCKOTO MECTOPOKICHHUS
Manrucrayckoii oomactu Ha 01.01.2006 ron; KasHUIIWmywaiiras, 2006

6 AHanu3 pa3zpaboTku MecTopoxaeHus Y3eHb 19-24 I'opuzontel Ha 01.01.2018
roja, Axray, 2018

7 II. K. 'umatryguuos, P. C. AnauoxoB, M. T. Muiruenko, «CripaBo4yHOe
PYKOBOJICTBO TI0 TPOEKTHUPOBAHUIO pPa3padOTKHM U IKCIUTyaTallud HEQTIHbBIX
MECTOpOXKIeHu», 1983

8 P. E. Marapun, «TeopeTuueckne OCHOBBI XUMHUUYECKUX IMPOIECCOB
nepepaboTku HePTH», 1986

9 E. A. KoxaeB, «Anamu3 »s¢dexktuBHoctr mpumeHenuss ['PII s
WHTeHCU(UKAIMA  TNPUTOKA O KUAKOCTH Ha  Uronscko-TamaBom  HedTsiHOM
MECTOPOKIEHUN», 2016

10 Gregory F. Ulmishek, «Petroleum Geology and Resources of the Middle
Caspian Basin, Former Soviet Uniony, 2001

11 E. M. AnmyxameroBa, H. A. Bopcuna, O. B. CeiptianoB, «9¢p(HeKTUBHOCTh
npuMeHnenus [ PI1 B ycnoBusax [IoBXxoBckoro MectopoxaeHus», 2013

12 B. E. Augapees, 1. V. Uynunosa, A. II. UuxoB, A. B. Uubucos, E. P.
Edumos, «I'eonornueckue ycnoBus 3dpdexrtuBHoro npumenenus ['PI1 HeokoMckux
OTJIOKeHuI», 2015

13 M. C. KemuroB, «Kommiekc mnpoMBICIOBO-T€ODU3UIECKUX padOT 0
KOHTPOJIIO pa3paboTku, aHanmu3 pe3ynbTatoB KoMmiuiekca ['MC-KOHTpoJb, OlleHKa
nH(OpMaTUBHOCTH KoMmIUIekca Ypenrerickoro HI'KM»y, 2021

14 O. C. Yronnukos, «Y ciaoBus npumenenus ['PII», 2017

15 b. Bb. XwubGacoB, «llepcrnekTuBbl He(TEra30HOCHOCTH IUIOMIAJEH
YKa3TYPJIMHCKOW IEMPECCUH F0KHOTO MAaHTbIIUIaKa», 2013

16 C. XK. JaykeeB, «['nmyOMHHOE CTpOEHHME W MHUHEPAIbHBIE PECYPCHI
Kazaxcranay, 2002

17 U. S. Energy Information Administration, «Technically Recoverable Shale -
Oil and Shale Gas Resources: Kazakhstany, 2015

18 Engineer Frac Report, «OzenMunaiGas» JSC, 2017

42



MUWHHCTEPCTBO HAYKHM U BBICIIIEI'O OBPA30BAHU PECITYBJIMKHA
KA3AXCTAH
Kasaxckuit HalMOHAIBHBIN UCCIIE0BATENBCKUM TEXHUYECKUHA YHUBEPCUTET UMEHH
K. H. Carnaesa
WucruryT reonoruu u Hedrrerazosoro aena uM. K. TypricoBa
Kagenpa runporeosnornu, uHxeHepHOii 1 HeTera3oBo reoJoruy

PELIEH3US
Ha }IHI'UIOMH}'IO pa60Ty

Crynenr: I3typrasosa I'ynaiisiv KocaifKpI3b!

Cnemnanbuoers: 6B05202 — «[eosnorus u pa3Beika MECTOPOXKAECHUM
TIOJIE3HBIX UCKOIIAEMBIX)»

Tema aunnomuoii pa6orer: «I'eonoruyeckoe CTpoeHHe i HeTEra30HOCHOCT
IOXHO-MaHrbIIIakcKoi  CHCTeMbl,  H3ydYeHHe KOJUIEKTOPCKMX  CBOMCTB
[IPOMYKTUBHBIX TOpU30HTOB M BausHUA ['PII Ha (HIBTPAaMOHHO-eMKOCTHEIE
CBOCTBA TEPPUTEHHBIX II0POJ MECTOPOXKACHUS Y3EHb.

Hannas nunnomHas paGoTa MOCBSIIEHA U3YYEHHIO Ie0IOrMYECKOro CTPOEHH,
TEKTOHUKH, He(rerazoHocHocTH FOxHOro MaHrblIIaka U BIUsSHUE THAPABIMYECKOrO
paspeiBa rnacra (I'PIT) Ha reonoruyeckue dhaxropsl.

B nunnomuolt paGote npencTaBlieHb! pe3yIbTaThl reopU3HIECKUX aHATH30B 110
KOJIJIEKTOPCKMM CBOMCTBaM IPOYKTUBHBIX TOPH30HTOB. BBLIN C/IeIaHbl aHAIU3BI IS
onpenenenus dpopexrusHoctn Merona I'PIT, a Tax ke pacCMOTPEHBI YCIOBHS
npumenenus I'PIT ¢ yueTom reosorudeckoro cTpoeHus MecTOpoxaeH s Y3eHb.

Hunnomuas pabora, BeImoNHeHHas U3TypraHosoii I ynaieiM Kocalkei3el Ha
TeMy «I'eoloruyeckoe CTpoeHHE, TEKTOHMKA, HedhTerasoHocHocTh HOKHOIrO
MaHrsiuuiaka, KOJJIEKTOPCKHE CBOWCTBA MPOXYKTHBHBIX TOPHU30HTOB M BIIMSHUE
TH/IPaBIMYECKOro  paspelBa IUIaCTa Ha (QUIBTPAUMOHHO-eMKOCTHBIE CBOMCTBA
TCPPUTCHHBIX  [IOPOA  MECTOPOX/ICHHS ~ Y3€Hb», TNONHOCTHIO  COOTBETCTBYET
TpeOOBaHUAM, NPEBABIAEMBEIM K AUIUIOMHEIM paboTtam, a aBTOpP PEKOMEHIYeTCs K
3alIMTe ¥ OLICHUBAETCS Ha 99 OalioB.

Peuensenr




MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF
KAZAKHSTAN
K.I. Satbayev Kazakh National Research Technical University
K. Turyssov Geology and Oil-Gas Business Institute
Department of Hydrogeology, Engineering and Petroleum Geology

REVIEW
for thesis

Student: Gulaiym K. Izturganova

Specialty: 6B05202 — «Geology and exploration of mineral deposits»

Topic: «Geological structure, tectonics and oil content of South Mangyshlak basin,
reservoir properties of productive horizons and influence Hydraulic Fracturing to
filtration-capacitive properties of Uzen field’s terrigenous rocks»

The geological part of the thesis fully includes the general characteristics of the
South Mangyshlak and the Uzen field, geological structure, tectonics, and oil and gas
content. These sections are considered comprehensively, when writing works it is
determined that they are written based on geological background data, and not only
literature.

The special part of the thesis is devoted to studying the reservoir properties of
productive horizons and the influence of hydraulic fracturing on the filtration-capacitive
properties of rocks.

The thesis performed by Izturganova Gulaiym Kosaikyzy on the topic «Geological
structure, tectonics and oil content of South Mangyshlak basin, reservoir properties of
productive horizons and influence Hydraulic Fracturing to filtration-capacitive properties
of Uzen field’s terrigenous rocks» fully complies with the requirements and the student is
recommended for the thesis defence.

Department of
Hydrogeology, Engineering
and Petroleum Geology,
PhD
Tolganay S. Jarassova
“Signature

«l» L6 2023 r.



ITporoxos
0 IIPOBEPKE HA HAJIMYHE HEABTOPH30BAHHNBIX 3aHMCTBOBANMIT (I1aruaTa)

ArTop: Istypranosa I'ynaiiniv Kocaiikpizpr

CoasTop (eciin umeercs):

Tun padorsr: Jlunnomuas pabGora

Hassanne pagoro: 2023_BAK_Isrypranosa 'ymaiisim Kocaiikpizsr.docx
Hayunsrii pykosomnrens: Tonranaii Jlxapacosa

Koapduunenr Moxodus 1: 6

Kospdpuument Mogodus 2: 1.7

Muxponpogensr: 119

3HAKHN U3 30pyrux ajagaBuTos: 37

HnrepBains: 0

Beabre 3naku: 0

ITocsre nposepkn Otuera Iogo6ust GHLTO CENAHO CIIEAYIONICE 3AKITIOUCHIE:

E 3311MCTBOBQHHX, BBISIBJICHHBIC B pa60Te, SIBJISICTCS. 3aKOHHBIM M HE SIBJISIETCS IJIarMaTOM. Yponeub
10,1005 He NPEBLIACT JOIMYCTUMOTO IpeJiena. Taxum o6pa30M pa60Ta HE3aBMCUMA U NIPMHUMACTCS,

D 3aMMCTBOBAHHE HE ABJIAETCA IJIariaToM, HO NPEBBIIICHO NTOPOrOBOE 3HAYECHHE YPOBHsI nogoousi.

Takum obpazom paboTa Bo3Bpamaercs Ha 10paboTKy.

D BrpusaBiieHb! 3aMMCTBOBAHMS U IJIarHaT WK [PEIHAMEPEHHBIC TEKCTOBBIC MCKAXKEHUS
(Marmny.rmuxm), KaK NpearnoaracMplI€ IOIBITKH YKPBITHS IJIarvara, KOTOPBLIC J1es1a10T

paboTy npoTHBOpeyalleil TpeboBaHMAM NpuiIoxKeHns S npukasa 595 MOH PK, 3akony 06 ABTOPCKHX U
cmezkHbIx npasax PK, a Takike koaekcy aTiku u npoucaypam. Takum o6pasom pabota ne npunnmaercs.

0 O6ocHoBanue: ’ z 2
PavacHlalaens Geskbdenesee //w’go & -
}a’ commsut ¢ o ABLACTCY  helnucard.

Jama

ﬁ( 05 .15 [ M nposepaowul dKkcnepm



ITporoxos
0 IIPOBEPKE HA HAJIMYHE HEABTOPU30BAHHLIX 3aNMCTBOBANMII (1J1aruara)
AsTop: I3rypranosa I'ynaiibim Kocaiikpisel

Coasrop (ecsin umeercs):
Tun padorsr: Jlunnomuas paGora

Hassanue paGorei: 2023_BAK_I3rypranosa I'ynaiieim Kocaiixpizsr.doex
Hayunslii pykosoanrens: Tonranaii Jxapacosa

Kosppuument IMoxodus 1: 6

Koappuumenr Mogodus 2: 1.7

Mukponpotens:: 119

3HaKn U3 34pyrux andasuTos: 37

Hurepsasr: 0

bBeabie 3naku: 0
ITocae nposepkn Oryera ITogo6us 6b110 caeano clieyiouee 3aKkaroyenme;

M 3anmcrsosanns, sussiennse B pa0oTe, ABISETCS 3AKOHHBIM M HE SBJISACTCS TU1ArHATOM. YPOBEHD
110/100Ms HE NMPEBBILIAET JOMYCTHMOrO npeaena. Takum 06pazom paboTa HezaBucuMa 1 IPMHUMAETCH.

[ 3ammcrsoBanne ne ssnsercs TJIarHaToM, HO MPEBBILICHO MIOPOrOBOE 3HAYCHHE YPOBHS 110400Us.
Takum o6paszom paGoTa Bo3Bpamlaercs Ha J0paboTKy.

(] Boisinenst 3sanMcTBOBaNMS ¥ IUIArHAT W NPETHAMEPEHHBIE TEKCTOBBIE HCKAKEHUSI
(MAaHHITYJISILUH), KaK IPE/IOAraeMble NONBITKH YKPBITHs [UIArHATA, KOTOPBIE E/1aI0T
paboty npornBopeuaiueii TpeGoBaHNAM NpuUIIOKeHns 5 npukasa 595 MOH PK, 3aKOHY 00 aBTOPCKHX M

cmeknpix npasax PK, a rakske koaekey sTukn n npoueaypam. Takum o6pasom paGora He [PUHHUMACTCH.

O O6ocuosanue: el MW A waN

e Wv Wq

Jlama

;WSZB




Yunsepenrertin skyiie aiMUHHCTPATOPLI MeH AKAJXEMMSLIBIK MICe/IesIep AenapTaMenTi
AMPEKTOPBLINLIN YKCACTBIK ecebine Tajjay XarraMmachbl

Kyiie anmuuucTpatopsl MeH AKaaeMHSUIBIK MOcelelep JIENapTaMEeHTIHIH JIMPEKTOPbI  KOPCET ires
enOeKKe KaTbICTBl Jaiibinanran [DIaruaTThin aijibli axy JKoHE aHBIKTay sKYHECIHIH TOJBIK YKCAaCTBIK
ece0IMeH TaHBICKAHBIH MAIIMACHI:

AsTop: I3Typranosa I'yiaiibim KocalikbI3bl

Taxeipuiobi: 2023_BAK_IsTypranosa I'yaaiieiv Kocaiikeisbl.docx

Kerexuwici: Tosranaii [kapacosa

1-yKkeacTeIk K03 duumenti (30): 6

2-yKReacTsIK Ko duuuenti (5): 1.7

Joiiexcos (35): 0

Opinrepai aysicTbipy: 37

ApanbikTap: 0

Iarein kenicrikrep: 119

AK Oearinep: 0

YKeacTwIK ece0in Tajaaail oreipein, JKyiie aIMHHHCTPATOPBI MeH AKAAEMHUSUIBIK MIceneiep
JAenapTaMenTiHiH AMPEeKTOPBI Keseci memivaepai MaJrimaei :

V] Frumsivu enGexTe TaBBUIFAH YKCACTHIKTAp TIArHaT 60JIbI ecentenmeiini. Ochiran GaitanblcTsl
JKYMBIC 03 GeTinle jKka3buUIran GOJBIN caHajla OTBIPBIN, KOprayFa xibepiiesi.

[J Ocnl skympICTaFB! YKCACTBIKTAp TIArHaT GOJIBIN ecenTenmeiti, 6ipax oap/ibi wWamagan Tbic
KONTIr eHOCKTIH KyH/IbLIBIFbIHA JKOHE aBTOPABIH FHUIBIMH XKYMbICTbI 031 Ka3FaHbIHA KATBICTBI KYMOH
Tybipa/bl. OchIFaH GaiiIaHBICTEI YKCACTBIKTAP/IbI IICKTEY MaKCATIH/A KYMBIC KaiTa OHueyre
Kibeplicin.

=] Enbexre aHbIKTAIFAH YKCACTBIKTAP )KOCBIKCHI3 KOHE IIarHaTThIH Oenrinepi OOJIBIN caHanagbl HEMece
MoTiHjepi KacakaHa OypManaHblll IUiaruar Oenrinepi kaceipbuirad. OcbiFaH OaillIaHBICTBI MKYMBIC
KoprayFa KioepiamMeni.

Herizjeme: Frnnpstc e Jon e 7-497/&4% yizm&m@re—f W
eG29 2Lz et sTE FeTTAT I

Kyni . Kaghedpa meyeepyuiici

3957



; - SATBAYEV [lata otuera 5/30/2023
@ StrikePlagiarismcom UNIVERSITY o

MeTapaHHbIe

Haseanve

2023_BAK_l3typraHoBa Nynanbim Kocarikbidbl.docx

AsTop HayuHblii pykoBoauTens / Skcnept
IaTypraHoBa NynanbiM Kocankbi3bl TonraHau [xapacoBa
Moppasnenexune

nruHrg

OnoBeleHusn

B atom pasgene Bbl Hanaete MHOPMAaLIMIO, KacatoLLyCs TEKCTOBbIX UCKaXXEHUIA. DTN UCKaXeHNs B TekcTe MoryT roBopuTb 0 BOSMOXXHbIX manunynsauusx B
TekcTe. VickaxeHusi B TeKCTe MOryT HOCUTb NpeAHaMEPEHHbIV XapakTep, HO Yalle, XxapakTep TeXHUYecknx oMBoK Npu KOHBEPTALMKU AOKYMEHTa 1 ero

COXpaHeHWH, MO3TOMY Mbl PEKOMMEHAYEM BaM MOAXOAUTL K aHanm3ay 3Toro MoAysisi CO BCEI [oMen OTBETCTBEHHOCTH. B criyyae BO3HUKHOBEHUSI BOMPOCOB,
npocum obpalLathes B Hally criyx6y noaaepKku.

3amena Gyks ®) 37
WuTepaansi 0
Mukponpo6ensi 0 119
Benble 3Hakm 0
Mapadpasel (SmartMarks) a 44

0O61bLeM HaraeHHbIX noaooun

O6patute BHMMaHue!Bbicokme 3HaveHns koadduumneHToB He o3HavaloT nnarnat. OT4eT AorkeH BbiTb NPOaHanM3nMpoBaH 3KCNepToM.

6.01% 1.71% 0.02%
6.01% 1.71% 0.02%
K Kn2
25 6303 40416
[nuHa pasbl Ans koachpurumeHTa nopodus 2 Konunyectso cnos Konunyectso cumsonos

Mogo6wus no CMNMUNCKY NCTOYHUKOB

MpocmoTprTe CNNCOK 1 NpoaHanuanpyiTe, B 0CO6EHHOCTH, Te dparmMeHThl, koTopble npeBbiluatoT KIM Ne2 (BbiaeneHHble XUpHbIM LwpudToMm). Mcnonbayiite
cebinky «OBo3HaunTL hparMeHT» 1 obpaTuTe BHUMaHMe Ha TO, SBNATCS MK BbiAeNeHHbIe )parMeHThl NOBTOPAIOLLIMMMICS KOPOTKMM bpasamu,
pas3bpocaHHbIMU B JOKYMeEHTe (CoBnafatoLume CXOACTBA), MHOTOMUCIIEHHBIMU KOPOTKUMM (ppasamMu pacronoXeHHble PSAOM ApYr C APYrom
(napadpasunpoBaHvie) unm obLUMpHBIMK hparMeHTamMu 6e3 ykasaHusi UCToYHMKa ("kpunTouuTaTbl").

10 cambIx ANUHHBIX opa3 Liset TekcTa
TMOPSILKOBbIN KOJIMYECTBO MAEHTUYHBIX C/IOB
HOMEP HA3BAHME U ALPEC ICTOYHMKA URL (HA3BAHVE BA3bl) (®PATMEHTOB)
1 Features of hydraulic fracturing in late-stage fields with medium and high water cut 42 0.67 %
5/10/2021

Satbayev University (UTuHI)

2 Identification of the most effective candidate well for hydraulic fracturing using machine 39 0.62 %
learning
5/12/2021
Satbayev University (UTuHIO)



3 Identification of the most effective candidate well for hydraulic fracturing using machine
learning
5/12/2021
Satbayev University (MTuHIO)

4 Features of hydraulic fracturing in late-stage fields with medium and high water cut
5/10/2021
Satbayev University (MTuHIO)

5 Identification of the most effective candidate well for hydraulic fracturing using machine
learning
5/12/2021
Satbayev University (MTuHI)

6 Identification of the most effective candidate well for hydraulic fracturing using machine
learning
5/12/2021
Satbayev University (MTuHI)

7 Selection and evaluation of an effective method of enhanced oil recovery on the example of
reservoir X
5/16/2020
Satbayev University (MTwHI)

8 http:/asoiu.edu.az/public/photos/kONFRANS_67_KITAB.pdf
9 Features of hydraulic fracturing in late-stage fields with medium and high water cut
5/10/2021

Satbayev University (MTuHI)

10 http:/asoiu.edu.az/public/photos/kONFRANS _67_KITAB.pdf

13 6a3bl AaHHbIX RefBooks (0.52 %)

27 0.43 %
22 0.35 %
19 0.30 %
18 0.29 %
17 0.27 %
16 0.25 %
15 0.24 %
15 0.24 %

rNnoPsAAKOBbLIN
HOMEP HA3BAHVE

UcTouHuk: Paperity

1 Rainfall dynamics at different temporal scales: A chaotic perspective
B. Sivakumar,B. Sivakumar;

2 Interlingual Homonyms in Spanish and Italian: False Friends — Real Enemies of Translators.
Onishchenko M.Y.,Pysmennyi T.E., Pliushchai A.A;;

3 Chayandinskoye field is the project of new technologies implementation in East Siberia

Andrei P. Pravdukhin, Arkadii R. Kurchikov, Vladimir N. Borodkin, Oleg A. Smirnov, Aleksandr
V. Pogretckii,Aleksei V. Davydov, Andrei V. Lukashov;

13 JomallHen 6a3bl aHHbIX (4.76 %)

KOJIMYECTBO UAEHTUYHBIX C/IOB
(®PATMEHTOB)

15 (2) 0.24 %

11(1) 0.17 %

7(1) 0.1 %
|

NOPAAKOBbIN

HOMEP HA3BAHUE
1 Identification of the most effective candidate well for hydraulic fracturing using machine
learning

5/12/2021
Satbayev University (Mf'vHIQ)

2 Features of hydraulic fracturing in late-stage fields with medium and high water cut
5/10/2021
Satbayev University (MF'vHIA)

KOJIMYECTBO UAEHTUYHbIX C/TOB
(GPArMEHTOB)

143 (9) 2.27 %

118 (8) 1.87 %



3 Selection and evaluation of an effective method of enhanced oil recovery on the example of 33 (3) 0.52 %
reservoir X
5/16/2020
Satbayev University (MTuHI)
4 Kacnuii MaHbl 6accelHiHiH OHTYCTiK-LUbIFbICbIHAAFbI TY3 YCTi LWeriHAinepaiH TeKTOHMKachI, 6 (1) 0.10 %
MyHawrasabinbifbl xaHe LUbiFrbic MakaTt keHopHbI 6oiibIHWa KocbiMLa Bapray »obackl.docx
4/26/2018
Satbayev University (MTuHI)
13 nporpammbl 06meHa 6asamu gaHHbIX (0.00 %) u
NOPALKOBbIN HOMEP HA3BAHUE KOJIMYECTBO NOEHTUYHbBIX CJIOB (PPATMEHTOB)
3 MHTepHeTa (0.73 %) |

NOPALKOBbIN
HOMEP VICTOYHMK URL

1 http:/asoiu.edu.az/public/photos/kONFRANS_67_KITAB.pdf

Cnu1COK NPUHATBLIX hparMeHTOB (HET NPUHATLIX (PparMeHToB)

KOJIMYECTBO UAEHTUYHBIX C/IOB
(®PATMEHTOB)

46 (4) 0.73 %

MOPAAKOBbIN HOMEP COOEPXAHUE KOJIMYECTBO UAEHTUYHbBIX C/IOB (PPATMEHTOB)



