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AHJIATIA

JunnoMasiK skyMbIc 3 OeniMHeH Typassl. bipinm reonorusuibik 0emimae Kapa
ApHa KeH OpbIHBI Typajbl KaJlbl MaraymMaTTap, F€OJOTUIIBIK XKOHE TEKTOHUKAJIBIK
KYPBUIBICTAPbI, MYHANTa3AbUIbIFbL, JIUTOJOTHICHI MEH CTPATUTpaUsIIbIK OaraHachl
KOHIHJI€ alThUIFaH.

Keneci GeniMlie KeH OpbIH MYHaW-Tra3blHbIH (PU3MUKAIBIK >KOHE XUMUSJIBIK
KacHeTTepl, KypaMbl KepceTuUireH. SFHM MyHaWIblH KaOaTThIK >KaFaaiiarbl
KaCUETTEP1, €pireH MYHANIBIH KaCUETTEP1 J)KOHE T. 0. *Ka3blIFaH.

Y uriHII 3KOJ0TUsIIBIK O6iM/ie KEHOPBIHHBIH, SIFHU KOCIMOPBIHHBIH, KOpIIaFaH
OpTachlHa JEeTreH Ke3Kapachl JKOHE OHbl JIACTayllbl PETIHAE CHUIaTTaMachl
kepceruired. Kopmiaran oprara, armocdepara O6JiHIN IIbIFAPbUIFAH JIACTAYBIII
3aTTapAbl €cenTey KOJJapbl JKOHE OHbI a3alTy IIapajapblH Kajlail Kyprizin
KATKAH/bIFbl AUTHUIFaH.

AHHOTALIUS

JlunimomHass paboTta CcOCTOMT W3 3 pas3nenoB. B mepBoM reonorudeckom
paszelie u3J0KeHbI 00IIKe CBEICHUS 0 MecTopoxaeHnn Kapa ApHa, TEeKTOHUYECKHE
COOpYXEeHUSI, He(PTEra30HOCHOCTh, JIMTOJIOTHS U CTpaTUrpaduieckas KOJOHKa.

B cnenyromeit yactu ykazanbl GU3MYECKHE M XUMHUUYECKHE CBOMCTBA, COCTaB
He(dTera3oBOro MecTOpoXJIeHHs. B yacTHOCTH, peub HJIET O CBOWCTBaX HepTH B
IJTACTOBBIX YCIIOBHUSX, CBOMCTBaX paCTBOPEHHOU HE(PTH U T. 1.

B Tperbeit skoyoruvyeckoi 4acTH yKa3aHO OTHOIIIEHHE MECTOPOXKISHHUS, TO
€CTh TIPEANPUATHS K OKPYKAIOIIEH Cpejie U ero XapaKTepUCTUKA KaK 3arps3HUTEIIS.
B ywactHOCTH, OBLITH PacCMOTPEHBI TyTH pacueTa BHIOPOCOB 3arpsI3HSIONIUX BEIIECTB
B OKPY>KaIOIIYIO cpey, aTMOCchepy M MEPHI IO UX CHUIKEHHIO.

ABSTRACT

The diploma work consists of 3 sections. The first geological section contains
general information about the Kara Arna field, research conducted in the region,
geological and tectonic structures, oil and gas content, lithology and stratigraphic
column, and other general information.

The following part shows the physical and chemical properties and
composition of the oil and gas field. In particular, we are talking about the properties
of oil in reservoir conditions, the properties of dissolved oil and etc.

The third environmental part shows the relation of the deposit, i.e. the
enterprise to the environment and its characteristics as a pollutant. In particular, ways
to calculate the emissions of pollutants into the environment and atmosphere and
measures to reduce them were considered.



1.1.
1.2.

1.3.
1.4.
1.5.

2.1.
2.2.
2.3.
2.4,
2.5.

CONTENT

Introduction
Geological section
General information about the field
Characteristics of the geological, lithological and stratigraphic
structure
Tectonics
Initial geological reserves of oil brought to the surface conditions
Oil and gas potential
Composition and physical and chemical properties of oil, gas and
water
Analysis of reservoir fluids
Properties of oil in reservoir conditions
Properties and composition of decomposed oil
Composition and properties of gas dissolved in oil
Properties and composition of reservoir water

Characteristics of the enterprise as a source of atmospheric pollution

3.1.
3.2.

The calculation of the emissions of pollutants
Measures to reduce air emissions

Conclusion

References

13
14
16

22
24
25
26
27
28
29
30
31
33
34



INTRODUCTION

The aim of the diploma work is to identify tectonic structure, oil and gas
potential and to analyze the physicochemical properties of oil and gas of the Kara
Arna field

Maten petroleum JSC is the subsurface user of the Kara-Arna field. The Kara-
Arna field was discovered in 1956. The first "Calculation of the oil reserves of the
Kara-Arna field", compiled as of 01.09.1961, was approved by the state Committee
of the USSR in 1961 (Protocol No. 3669 of may 15, 1962) on the basis of the
approved reserves in 1962, the Central research Institute compiled a "Preliminary
technological scheme for the development of the oil horizons of the Kara-Arna field".

Industrial oil content was established by structural prospecting drilling in 1956-
1957. The Kara-Arna field was put into commercial development in 1974 on the
basis of the technological scheme drawn up by the Central research Institute for
Embaneft IN 1973. This technological scheme is based on the Aptian and lower
Albian horizons of the southern and Northern fields.

In 1986, the "Kara-Arna field development Project” was developed for the
approved reserves by the Kaznipineft Institute. There are 3 objects of development:
the first-the Aptian horizon of the southern and Northern fields, the second-the lower
Albian horizon of the southern field, the third-the Cenomanian horizon of the
southern field. Since the Cenomanian horizon reserves were listed as off-balance
sheet, oil production is not included in the planned indicators.



1 Geological section
1.1 General information about the field

The Kara-Arna oil field is located in the Karaton-Tengiz oil and gas zone, 150
km Southeast of Atyrau. According to the administrative division, it is located on the
territory of Zhylyoysky district of Atyrau region of the Republic of Kazakhstan.

The nearest locality is the village of Karaton, located 30 km North of the Kara-
Arna field. The regional center of Kulsary is located 90 km northeast of the field.

The connection of the Kara-Arna field with the localities of Kosshagyl,
Kulsary and Atyrau is carried out on roads with asphalt and gravel-crushed stone
pavement.

In orographic terms, the area of the Deposit is a semi-desert plain with absolute
relief marks of minus 23.54 m and minus 26.8 m.the Western part of the area has a
slight slope to the West towards the Caspian sea and is filled with sea water during
the period of westerly winds. The cover layer of this area consists of limestone-shell
rock. The Eastern part of the square is divided by numerous fights and quarrels into
relatively elevated areas, stretched in a meridional direction.

The climate of the area is sharply continental Summer is dry, hot, the air
temperature reaches plus 400C, winter is harsh, snow-white with strong winds, the
temperature drops to minus 400C.

The vegetation cover is poor, typical for the semi-desert zone[2].
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Picture 1 — Overview map




1.2 Characteristics of the geological structure

Lithological and stratigraphic characteristics

The complex of Paleozoic-mesocainozoic deposits represented by the Permian,
Triassic, Jurassic, Cretaceous, Paleogene and Quaternary systems was discovered and
studied by drilling search, exploration and production wells at the Kara-Arna field.

The deposits of the Kungursky tier are represented by a white, large-crystalline
translucent rock salt, overlain by a relatively low-power thickness of carbonate-
sulfate hydrochemical sediments.

Within the study area, the salt deposits of the Kungursky tier were opened by
wells 1, 3 A and R3 with exposed thicknesses of 126, 94 and 78 m, respectively.

Legend to the stratigraphic column

Lxhodogy Legend
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Triassic

The undifferentiated Triassic deposits were uncovered by wells 1, 3A, R2, and
R3. Lithologically, they are represented by the interbedding of sandstones, clays, and
Sands.

The thickness of the Triassic on the raised East wing in the arch is 86 m
(well.3A), and on the lowered West wing of the South field — 72 m (well.1) and
increasing northward to 167 m (well. R3), in the North field.

Jurassic system

Three wells 1, R2, and R3 were opened in the full Jurassic section on the West
wing, and one well 3A was opened on the East wing, with a thickness of 923, 920,
825, and 876 m, respectively. Lagoon-continental deposits of the Jurassic system are
represented by lower, middle, and upper divisions that are widespread.

Lower Jurassic (J1)

On the eroded surface of the Permian, sediments of the lower Jurassic lie with
transgressive disagreement, represented mainly by Sands with rare layers of
gravelites, conglomerates, sandstones and clays.

The thickness of the lower Jurassic within the southern field of the Western
wing varies from 73 m (well. R2) to 90 m (well.1), and within the Eastern wing is 68
m (well.3A).

Middle Jurassic (J2)

The middle Jurassic deposits are mainly represented by alternating sand and
clay bundles with layers of brown coal and are characterized by sharp lithological
variability, both in area and in section. The full section of the middle Jurassic
deposits with thicknesses of 678, 690, 599, 708 m was opened by wells 1, R2, R3,
3A, respectively.

Upper Jurassic (J3)

Upper Jurassic sediments are widespread and are represented by clay and
carbonate rocks, which are the regional cover.

The upper part is composed of limestone with layers of marls with thin layers
of sand. The thickness of the carbonate layer varies from 40 to 80 m.

The lower part of the section is represented by terrigenous rocks-alternating
weakly cemented sandstones and clays. The lower part of the section is represented
by terrigenous rocks-alternating weakly cemented sandstones and clays. The
thickness of terrigenous deposits ranges from 60 to 80 m.

A complete section of the upper Jurassic sediments was opened on the West
wing by wells 1, 1A, 2A, R2, R3 with a thickness of 143 to 161 m and on the East
wing by well 3A with a thickness of 100 m.

Cretaceous system

The Cretaceous system is represented by all tiers of the lower Cretaceous (K1)
and upper Cretaceous (K2) divisions.
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Lower Cretaceous (K1)

The uncovered lower Cretaceous deposits are represented by the Valanginian,
goteriv-Barremian tiers, which are combined into the Neocomian sub-division, as
well as the Aptian and Albian tiers.

Lower Cretaceous rocks with angular and stratigraphic disagreement lie on the
upper Jurassic deposits and are opened by all wells.

Neocomian sub-division(K;ne)

Neocom consists of falangismo and hoteru-borrascoso tiers. The thickness of
the neocome varies from 238 m (well.3A) on the raised East wing to 411 m (well.R2,
R3) on the lowered West wing.

Valanzhinsky layer (K1v)

The deposits of the valanginsky stage are represented by interlayers of fine-
grained sand with layers of sandstones, clays and limestone. The thickness of the
valangin tier varies from 29 to 37 m, and there are no valangin deposits on the raised
Eastern wing.

Hoteru + boremski tiers — K1 g+br

Deposits are represented by variegated clays with sand layers and alternating
bundles of clays and Sands with low-power Sandstone and marl layers. The thickness
of deposits varies from 90-105 m on the raised wing and up to 380 m on the lowered
wing.

Aptian stage (K1a)

Deposits of the Aptian layer transgressively overlap Neocomian sediments, has
a uniform area distribution and are represented by Sands with layers of clays, less
often sandstones and marls. The Aptian oil-bearing horizon is confined to the lower
part of the Aptian deposits of the Western wing.

The thickness of the Aptian deposits ranges from 70 m (well130) to 90 m
(wellR3) on the West wing, and reaches 68 m (well3A) on the East wing.

Albian tier (K1al)

Deposits of the Albian stage have regional development and are mainly
represented by clays and siltstones. At the base of the Albian tier lies a sand horizon
with layers of clays, less often marl or Sandstone up to 20 m thick, which is
associated with the oil Deposit of the southern field of the West wing.

The thickness of the Albian deposits of the southern field of the West wing
ranges from 338 (well.85A) to 366 m (well.54).

Upper cretaceous (K2)

Cenomanian tier (K2c)

The Cenomanian tier is represented by clays with layers of fine-grained sand
and Sandstone, strong, with plant remains. The West wing oil deposits are associated
with the Cenomanian basal sandstones. The sediments of the Cenomanian stage have
a uniform area distribution, the thickness ranges from 141 (well.R-3) to 168 m (well.
85a), averaging 155 m.

Turon-cognac tier (K,t+cn)
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Deposits of the (undifferentiated) Turon-Konyak tiers are composed of marls
with clay layers. At the base of the section, in some wells, there is a conglomerate
horizon represented by black and brownish-gray pebbles of phosphorite. The
thickness of the Turon-Konyak tier ranges from 50 m (65,401well) to 87 m (R3 well),
increasing to the North.

Santon tier (K2st)

In the upper part, the Santonian deposits are represented by a bundle of marl, in
the middle part by white writing chalk with layers of marl and clay, in the lower part
by clays with layers of marl. The thickness of the Santonian deposits varies from 33
m (well.451) to 48 m (well.49).

Campan tier (K2cp)

The deposits of the Campanian tier are composed of thick clays and marls with
layers of white writing chalk. The thickness of the Campanian deposits varies from
88 m (well.419) to 108 m (well.401).

Maastricht tier (K2M)

Lithologically represented by white writing chalk with rare marl patches. The
average thickness of the tier is 113 m.

Paleogene system-P

Sediments of the Paleogene system, transgressively deposited on the sediments
of the Danish tier, are divided into the Paleocene - lower Eocene, middle-upper
Eocene. Lithologically represented by clays with interlayers of marls.

Danish tier

The Danish tier is represented by marls with layers of writing chalk and sandy
clays with plant remains. The thickness of the tier varies from 20 to 32 m.

The Neogene-Quaternary system of (N+Q)

Deposits of the Neogene-Quaternary system (Caspian sediments)lie in a
continuous cover on different stratigraphic zones of the Paleogene. In the upper part
of the section, they are lithologically represented by weakly cemented, gypsum-
covered Sands. In the lower part of the section, the sand gradually turns into a sandy
clay and layers of ferruginous microcrystalline gypsum. Almost throughout the
section there are fragments of broken shells. The total thickness of the Paleogene-
Neogene-Quaternary sediment varies from 119 (well.409) to 204 m (well.R3) [2].

1.3 Tectonics

Tectonically, the Kara-Arna Deposit is confined to the South-Eastern part of
the Caspian basin. The structure is a two-winged anticline uplift with a deeply
submerged salt core.

The result, completed in 2010 and interpretation of data of seismic survey
2D/3D and their integrated analysis with GIS data of drilled wells was refined
structural-tectonic model fields Kara-Arna in the post-salt deposits that characterize
the structural map constructed on the basic reflecting horizons - Il (sole Cretaceous
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sediments), V (sole Jurassic sediments), V1 (sole Triassic deposits). In addition to
these maps, structural constructions were made on the roofs of productive layers Kla
(Aptian layer of the lower Cretaceous), Klall (lower Albian layer of the lower
Cretaceous) and K2c (Cenomanian layer of the upper Cretaceous) (Appendix 2-4).

The above-salt complex of sedimentary deposits is divided by the system of
discharges F1 and F2 into three main structural elements: the Western lowered, the
Eastern raised and the Graben between them[1].

Picture 3 - structure map for the horizon K1A (roof manifold in the sediments
of the Aptian lower Cretaceous tiers K1A)

The West wing is a semi-elliptical Meridian with two arches - South and North.
The southern vault is larger than the Northern one and is located hypsometrically
lower.
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The Eastern wing is a semi-dome, shielded from the West by an F1 Graben
drop. Relative to the West wing, it lies hypsometrically higher.

In the Northern part of the research area, the West wing is raised above the
East wing. The discharge amplitude for Cretaceous deposits is about 120-180 m on
the roof of the Cenomanian layer, 240-290 m on the Aptian layer, and 300 m on the
Jurassic layer. Further, in the southern direction, in the lowered East wing, a network
of feathering discharges f4-f9 is traced

The Central Graben is complicated by violations of 2, f2' and f3 of small
extent, parallel to the main discharges of F1 and F2 .

In this paper, structural maps for the roof of deposits are constructed on the
basis of the above-mentioned seismic structural maps, taking into account drilling
data. Analysis of structural plans for horizons in the Cretaceous, Jurassic, and
Triassic sediments indicates the inherited nature of the development of Mesozoic
deposits.

1.4 Initial geological reserves of oil brought to the surface conditions

An audit of the oil reserves of the Kara-Arna field was conducted by analyzing
structural maps obtained as a result of reinterpretation of 3D seismics, structural maps
on the roofs of deposits, maps of effective oil-saturated thicknesses, geological
profiles, correlation schemes, core data analysis, interpretation GIS of an open trunk,
justification of levels of VNK taking into account testing data exploration wells and
production data, analysis of deep and wellhead oil samples. It should be noted a fairly
high degree of study and reliability of the calculated data parameters used for
evaluation. On structural maps on roofs of deposits and maps of effective oil-
saturated thicknesses are marked with category boundaries, and oil-saturated volumes
and initial geological reserves were calculated.

In accordance with the analysis of the development of reserves to proved
reserves P1 reserves of deposits of the South field of the West wing (K2c, Klall,
K1A), North field of the West wing (K2c, K1A), East wing (K1al3), Graben (K1lal3-
A, Klal3-B). In turn, the areas of deposits where the object was or is being operated,
moreover, the period of operation of each well was taken into account, and
accordingly accumulated production for it is defined as proven developed produced.

Reserves of areas of the Deposit where subsequent production is expected to be
projected wells, reserves are estimated as proven undeveloped by the category of
probable P2, the reserves of the southern Deposit sites were calculated fields of the
West wing (K2c, Klall, K1A), the North field of the West wing (K2c), which
adjacent to areas of proven reserves. Probability of retrieving the calculated data the
volume of reserves on them is slightly lower than that of proven reserves (small
thicknesses, increase in area due to structural constructions, and it is possible
economically unprofitable extraction).
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The reserves of the K2T Graben Deposit were also calculated by the probable
category.
Looking for reliable determination of neptunerising thicknesses of the geophysical
curves at the time of evaluation tests not confirmed, and subsequent probability of
their extraction is very low, given the long preservation of the wells and low inflows
in the test period.

Category probable reserves P3 was calculated stocks of deposits of the Graben,
where stocks at the time of evaluation determined by seismic data (picture 3)[2].
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Picture 4 — Cross section INLINE 3560 (the Central part of the area of Kara-Arna)

1.5 Oil and gas potential
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The industrial oil content of the Kara-Arna field was established by structural
prospecting drilling in 1956-1957.

The field was put into commercial development in 1974.

In 2012 LLP "Project Institute "OPTIMUM" was made "Conversion of oil field
"Kara-Arna" on the state of knowledge on 01.01.2012 oil Reserves was included in
the State balance of RK.

In 2012, the project "Supplement to the updated project for the development of
the Kara-Arna field "(Protocol No. 30 of 12.12.2012) was completed and approved
on the approved reserves of OPTIMUM Design Institute LLP

As of 01.07.2018, the Author's supervision over the implementation of the
Supplement to the updated project for the development of the Kara-Arna field was
compiled.

After the Author's supervision, 17 production wells were drilled at the field
142, 147, 152, 153, 154, 155, 156, 157, 410, 423, 428, 460, 461, 462, 463, 464, 465
and one R-8 search well. Of these wells were drilled on the Cenomanian Deposit 410,
423, 428, 460, 464, 465 West wing of the South field, wells 461, 462, 463 — the West
wing of the North field. Well 147 was drilled into the upper Albian Deposit of the
Eastern wing. On the Aptian reservoir and the wells drilled 142, 153, 154, 155, 157
West wing of the South field wells 152, 156 — West wing North field.

In the southern field of the Graben, the R-8 search well revealed for the first
time oil deposits in the section of the upper Albian deposits. As of the date of this
project, as of 01.06.2015, the number of deposits has increased by 2 more than in
terms of reserves [7] and is nine. Of these, three deposits (Aptian, Cenomanian and
nizhneilimsky) are confined to the southern field, West wing two (Aptian and
Cenomanian) to the North field, one (verhnelensky) - the East wing, one (Turonian),
to the Graben, and two new deposits to the South field of the Graben in the center of
the well R-8. When compiling the report, all available geological and geophysical
information on the entire well stock (198 wells) of the field was taken into account.
Based on the results of drilling new wells, the geological structure of the field has
been clarified.

Correlation of the section of newly drilled wells with the section of previously
drilled wells allowed us to confirm the presence of already established horizons and
trace them by area. Roof marks and reservoir soles, General and effective
thicknesses, porosity and saturation parameters were determined by the GIS complex.
In substantiating the contacts, we used the results of well testing during drilling,
results of testing during exploration, and results of perforation and production in
production wells, as well as GIS interpretation data. Table 1 shows the characteristics
of the deposits of the Kara-Arna field (size, type, saturation pattern, and absolute
levels of oil and water contact(OWC)). Within the fields newly drilled production
wells 147, 154, 157, 410, 423, 428, 460, 461, 463, 464 according to the GIS
interpretation data in the section deposits of the Paleogene system are allocated to the
reservoir with unclear saturation patterns. Oil was obtained in well 428 during the
perforation of Paleogene deposits in the depth range of 124-125, 127-131 m. a sample
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was taken to determine the physical and chemical properties and fractional
composition of oil and dissolved gas.

The Cenomanian productive horizon is opened by all the wells drilled. The
eponymous oil field is associated with this horizon. Oil content is associated with
basal sand beds at the base of the Cenomanian tier of the upper Cretaceous within the
southern, Northern and Western wing fields. The cover of the Deposit is dense
Cenomanian clays aged over an area of.

Cenomanian oil field of the South field of the West wing.

On the structural map on the roof of the reservoir, the Deposit is a
brachianticlinal fold, elongated in the meridional direction and bounded from the East
by discharges F3, F2.

Reservoirs are almost ubiquitous, with the exception of some areas where there
is a lithological replacement of sandstones with impermeable rocks in the North (area
well.23), North-West (area well.13, 15, 17), North-East (area well. 14, 127).

The oil content of the Cenomanian horizon at the exploration stage was
determined based on the results of testing 8 wells (1, 3, 4, 7, 8, 22, 24, 26), in which
waterless oil inflows were received. Oil production rates ranged from 0.61 to 5.6 m* /
day.

Operation of the Cenomanian horizon of the southern field began on January 3,
1994,

In 2005, an updated development project was drawn up, and in 2007, a project
for additional exploration of the field was drawn up. According to these projects, 48
wells were drilled for the Cenomanian Deposit within the oil content contour.

For production wells 438 and 427, the maximum average daily oil flow rates
were obtained-10.5 m®day and 10.3 m® / day, while the water cut was 21.6% and
40.1%, respectively.

In the South of the Deposit, according to GIS data in well 61, the sole of the
perforated oil-saturated reservoir is recaptured at -542.2 m, and the roof of the water-
saturated reservoir at -546.8 m. in well R2, the water-saturated reservoir begins at -
544 m.

In the South-West of the Deposit in wells 441, 438 in the perforated formation,
according to GIS data, the water-oil section was recaptured at the level of -545.2, -
545.0 m, respectively. In well 40, the water-saturated reservoir starts at -545.2 m.

In the North-West of the Deposit in wells 407, 401 in the perforated formation,
according to GIS data, the water-oil section was recaptured at the level of -544.9, -
545.0 m, respectively.

During the period from 2012 to 01.07.2014 6 wells were drilled at the field
137, 138, 144, 146, 150, 151. In well 138, according to GIS data, the bottom of the
oil-saturated reservoir reaches -542.5 m, and the water-saturated reservoir begins at -
545.7 m. Wells 137, 150, 151 opened only water-saturated layers and are located
behind the oil-bearing contour.

In this work, after the Author's supervision, 6 production wells were drilled in
the southern field according to the Updated project for the Cenomanian Deposit 410,
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423, 428, 460, 464, 465. In these wells, when testing this horizon, oil inflows with a
density of 0.96 g/cm3 were obtained.

In well 428 with perforation of the interval 505-508 (- 528.4-531.4) m, the oil
flow rate was 10.8 t/day, water-4.8 m3/day, in well 460 from the perforation intervals
506-508,5, 510,2-512,2 (-528,8-531,3, -533-535) m received oil with a flow rate of
13.3 t / day, water with a flow rate of 7.1 m3/ day. at a speed of 60.

In well 464 with perforation of the interval 514-521 (- 534-541) m, the oil flow
rate was 5.9 t/day, water-4.4 m3/day, in well 465 from the perforation intervals 519-
522, 523-526 (-539,4-542,4, -543,4-546,4) m at 20 revolutions obtained oil 6,3 t /
day., water 1,1 m3/day.

In well 410, with perforation of the interval 512-515 (- 533.7-540.7) m, the oil
flow rate was 8.8 t/day, water — 6.8 m*/day, in well 423, oil 3.2 t/day was obtained
from the perforation interval 510-514 (-531.5-535.5) m, and water 7.7 m*/ day.

The Deposit was additionally opened by 5 production wells 142, 153, 154, 155,
157 drilled to the aptsky horizon.

According to GIS data, all wells are located in the oil content contour. In wells
153, 410, 423, 428, the soles of oil - saturated reservoirs were repelled at -540.2, -
542.8, -544.7, -542.9 m, and the roofs of water-saturated reservoirs-at -541.1, -546.4,
-547.7, -546.9 m, respectively. In wells 142, 155, 460, 464 and 465, the oil-water
section is set at -546.7, -544.8, -546.8, -543.8 and -546.9 m, respectively.

Taking into account these data, the position of the OWC was clarified and the
range of changes in the marks was-541-547 m, which in was adopted at -545 m

The Cenomanian oil reservoir of the North field and the West wing. On the
structural map along the roof of the reservoir, the Deposit is a brachianticline fold
bounded to the East by the F2 discharge.

The productivity of the Deposit was established by exploration wells 32, 33,
49,

In well 32, when testing the interval 491-494 (-512.4-515.4) m, an inflow of
pure oil with a flow rate of 7.2 m®day was obtained. According to the GIS
interpretation, the bottom of the oil-saturated reservoir is marked at the absolute level
of -525 m.

In well 33, when testing the interval 499-502 (-520.1-523.1) m, an inflow of
water with oil was obtained. According to the GIS reinterpretation, the oil — saturated
reservoir in the well was recaptured to the level of -527.6 m, and the water-saturated
reservoir-from the level of -533.1 m.

Well 49 at the perforation of the interval 497-499 (- 518.6-520.6) m began to
work with water and oil. At an excess pressure of 7.5 atmosphere, the daily oil flow
rate was 0.73 m°. According to GIS data in the well, the bottom of the oil-saturated
reservoir is repelled at the level of -524.4 m.

In the work on the Cenomanian horizon of the Northern field, the initial
position of the WNC was justified at -528 m, along the bottom of the tested formation
in well 33.
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According to production wells 461, 462, and 463 were drilled at the ISP (K2c)
development facility and are located in the oil zone.

In well 461, with perforation of the interval 495-504 (- 516.5-525.5) m, the oil
flow rate was 13.2 t/day, water — 3.2 m*/day. (speed 42), in well 462 from the interval
493.5-501 (-514.7-522.2) m, oil was obtained with a flow rate of 2.8 t / day. water —
13.1 m®/day. (speed 30). In well 463, with a perforation interval of 491.5-500 (-
511.6-520.1) m, the oil flow rate was 9.2 t / day, water-2.4 m® / day. (speed 30). All
three wells were commissioned in January 2015.

According to GIS data in wells 461, 462 and 463, the bottom of the oil-
saturated reservoir is repelled at -529.8, -529.4 and -528.2 m, respectively. Taking
into account these data, the OWC is taken at the level of -530 m, which is 2 m lower
than the previous OWC in the work.

The reservoir type is Plast, arched, and tectonically shielded from the East.

Table 1 — Characteristics of the Kara-Arna Field.

Horizon Wing Type of reservoir The |OWC at| Height | Productivity
character | the of the | area, thousand
of  |absolute |reservoir, m?
saturation| mark, m
reservoir M
Kac West wing, waterflow, .
(cenomanian)| South field | tectonically shielded Oil|-541-547 27 6380
Kac West wing, Plast, vaulted, . ]
(cenomanian)| North field | tectonically shielded Oil 530 17 1291
Kial . Plast, vaulted, i i
(lower \é\éej:hg;g% lithologically and Oil 18(1); 27 3668
Albian) tectonically shielded
Kials waterflow
(upper East wing . N Oil -503 16,4 277
; tectonically shielded
Albian)
K1a|3 -A .
(upper Grabe'n, South Plas.t formation, Oil 730.6 i i
; field tectonically screened
Albian)
West wing,
South field. tectgrll?sgl Iarcsrg(regéned Oil ﬂgéll 3 6491
Kia The main body y
(Aptian) West wing,
South field plast, arched, oil | -1009 | 16 891
tectonically - shielded
Eastern block
Kia West wing, Plast, vaulted, Oil -1058- 19 475
(Aptian) North field | tectonically shielded 1064
Kot underlying water,
(Turaznian) Graben lithologically, oil -660,4 | 50,4 123
tectonically - shielded
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Albian productive horizons. The lower Volga oil field within the southern
field of the Western wing and the upper Albian deposits within the Eastern wing and
the southern field of the Graben are confined to this horizon (well.R-8).

The lower Albian oil field of the South field of the West wing is confined to
the brachianticline fold, stretched in the meridional direction, and shielded from the
East by F3 and F2 discharges.

Based on the results of GIS interpretation in wells 55, 74, 124, 92, 123, 91,
122, 115, 90 the layers are replaced by clay rocks, and the Deposit is divided into two
parts by the zone of absence of reservoirs. In addition, the zones of absence of
reservoirs are allocated in the North-Eastern part of the Deposit in the area of well 11
and in the southern part - the area of well 79.

The productivity of the Deposit was established by testing exploration wells 1,
2,4,5,6, 10, 16, 30. When testing these wells, the flow rate of anhydrous oil at the 7
mm fitting varied from 12.1 (well.30) to 59.5 m*/day. (well. 6).

In wells 15, 16, 140, 141, 143 and 145, according to GIS data, the oil-water
section is recaptured at -1007.7, -1009.5, -1009.1, -1007.4, -1008.1 and -1007.9 m,
respectively.

Taking into account these data, when recalculating reserves, the OWC was
taken in the range of marks-1107-1111 m.

Exploitation of the lower Albian horizon of the southern field began in 1972
with a single well 4. More intensive development of the Deposit began in 1987.

Production wells 137, 138, 144, 146 were drilled according to the work on the
Il - object of development. Of these, wells 137 and 146 are located in the pure oil
zone, wells 138 and 144 are located in the water-oil zone.

In well 138 from 19.02-22.02.2013, when perforating the interval 981-986 m (-
1000.3-1005.3), an oil inflow was obtained with an initial flow rate of 7.1 t/day.
According to GIS data, the oil-water section was recaptured at -1008.2 m.

In well 144, the oil-water section is recaptured at the level of -1012.7 m, which
is almost 2 m lower than the accepted OWC.

In wells 137 and 146 located in the pure oil zone, the bottom of the oil is
recaptured at -1007.5 m and -1007.2 m.

Wells 150, 151 drilled after work on the third object of development, were
behind the oil content contour, according to GIS data, the roof of the water-saturated
reservoir is marked at -1009.7 m and -1016.8 m, respectively.

After the Author's supervision production wells 142, 153, 154, 155, 157 drilled
at I1I(K1A) - the object of development, opened the lower Albian Deposit.

According to GIS data, wells 154, 155, and 157 are located in the pure oil
zone, and the bottom of oil-saturated reservoirs is repelled at -1006.4, -1006.5, and -
1007.9 m, respectively. In well 153, the oil-water section is set at -1009.8 m, in well
142, the bottom of the oil-saturated reservoir reaches -1011.4 m, and the roof of the
water-saturated reservoir begins at -1014.5 m[3].
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2 Composition and physical and chemical properties of oil, gas and water

The depth of the roof of productive horizons is in the range of 467-1046 m
(according to other data, the dome is submerged at 1800 m). The height of the
deposits is 15-30 m. Deposits are Plast, vaulted. The section of the productive
reservoir thickness is pore. Open porosity of 27.2-30.2 %, permeability of 0.215-
1.605 mm?, oil-saturated thickness of 3.5-8.5 m, oil-saturation coefficients vary from
0.72 to 0.95. The gas factor is 7.4—9.8 m*/t. Initial reservoir pressure is 5.0-11.5
MPa, temperature is 32.5-40°C. The density of oil is 964 kg / m°. Sulphurous oil
2.28-2.8 %, low-paraffin oil 0.18-0.61 %. Associated gas contains methane-88.9 %,
pentane-1.3 %, nitrogen-8.65-12.2 %, carbon dioxide-0.41 %. The mode of operation
of deposits is water-pressure. Formation chlorocalcium waters with a density of

1078-1105 kg / m* and a mineralization of 104-156, 2 g/ |.
The highest-grade, heavy oil in the Ural-Emben region of Kazakhstan.

Table 2 -Physical and chemical properties and fractional composition of oil

West wing. South field

Paleogene Cenomanian | Upper Albian | Lower Albian
horizon horizon horizon horizon
Name
Average Average Average Average
Dynamic viscosity, MPa*s
At 20°C 535,47 587,25 328,19 406,66
50 °C - -
Kinematic viscosity, mm“/s
At 20°C 555,93 610,31 345,19 421,81
50 °C 74,74 78,86 52,85 55,90
Density, kg/m’ 963,2 962,1 950,8 962,5
pour point, °C ke -20 -24 -21 -28
Sulfur 2,37 2,56 2,21 2,42
Silica gel resins 12,42 23,19 19,11 10,09
Sulphuric acid i 39.39 41,04
Mass  [esins
content. % Aspha_ltenes' 1,45 3,71 1,60 2,03
""" |Paraffins' 1,06 0,54 0,51 0,57
Water 3,60 38,60 16,92 37,00
mechanical Ore 0,12 0,01 0,23
Mixtures
Salt content, mr/n 84,70 20474,30 186,23 1648,85
Melting point of paraffin, °C - 55 56 58
Vol - 244 249 185
Ou‘t’p‘d;“jf up to 250°C - 1 1 4
fractions. 9%|YP_tO 300 °C 21 16 18 23
" |up to 350 °C - - - 46
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Continuation of the table

West wing. North field East wing
. . Cenomanian Aptian Upper Albian
Aptian horizon horizon hoFr)izon IOﬁorizon
Name
Average Average Average Average
Dynamic viscosity, MPa*s
at 20°C 437,38 582,64 529,15 570,14
50 °C -
Kinematic viscosity, mm-/s
at 20°C 454,40 605,67 547,70 630,18
50 °C 61,29 74,14 72,63 77,97
Density, kg/m’ 961,1 961,9 965,2 966,3
pour point, °C -22 -23 -20 -27
Sulfur 2,48 2,22 2,95 2,51
Silica gel resins 6,92 11,17 19,24 -
Sulphuric acid 41,17 44,00 34,00 24,80
Mass resins
content. % Aspha_ltenes' 2,06 1,54 3,78 -
’ Paraffins' 0,75 1,32 0,88 0,39
Water 16,20 0,48 31,48 -
mechanical 0,15 0,24 0,36 :
Mixtures
Salt content, mr/ 3609,01 328,01 25945,05 -
Melting point of paraffin, °C 54 - 55 54
228 252 247 240
O\{j‘t’;ﬂ't“gf Up to 250°C 2 3 0 5
fractions. % |YP 1O 300 °C 21 19 17 20
""" |lup to 350 °C 45 41 - -

Data on studies of the composition and properties of reservoir fluids were
previously summarized in. After compiling this report, three depth samples were
taken from the R-8 well from depths of 300 m, 350 m and 400 m. Samples
characterize the reservoir oil of the upper Albian horizon of the southern field of the
West wing, which was not previously sampled. The sample from a depth of 400 m
contained water with traces of oil, the other two samples were examined. They were
used to determine the parameters of reservoir oil, properties and composition of
degassed oil, as well as the composition of the released gas. The research was carried

out in the research Institute "Kaspioilandgas"LLP.

The properties of degassed oil were supplemented with data on 23 samples
from 21 wells. Of these, 22 samples were taken from the wellhead and one was
obtained after degassing a deep sample from the R-8 well (the lower Albian Deposit
of the South field of the West wing). The new samples allowed us to determine the
properties of previously unexplored deposits of the Paleogene and upper Albian
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horizons of the southern field of the West wing and to Supplement the previously
available data on the remaining horizons. Surface oil samples were studied in the
organizations of "SPC ECO Analyst" LLP, "Kaspioilandgas" research Institute LLP
and "Kaznigri" LLP in accordance with the General technical conditions for oil

The composition of the oil gas was supplemented with two samples from the
R-8 well (the lower Albian Deposit of the South field of the West wing).

Also, one sample of reservoir water was taken from the R-8 well, which also
characterizes the lower Albian Deposit of the South field of the West wing. The water
sample was examined in Kaznigri LLP according to the current methods[2].

2.1 Analysis of reservoir fluids

The properties of oil in reservoir conditions were studied using 16 deep
samples oil, selected from 12 wells, of which 14 were selected for the southern field,
1 for North field of the West wing and 1-on the East wing of the structure. South field
of the West wing. The properties of reservoir oil are determined by Cenomanian,
upper Albian, lower Albian, and Aptian horizons. Their gas content was 3.02-8.04
m°/ t, saturation pressure 0.59-2.99 MPa at reservoir pressures of 5.25-11.30 MPa.
Volume coefficient on average for horizons changes from 1.018 to 1.043 d. units. The
density in reservoir conditions was 926.9-936.0 kg / m°, the viscosity is 56-356
MPa*s. On the North field and the West wing are investigated oil Aptian horizon at
one sample. The gas content and saturation pressure are slightly lower than for
Aptian deposits of the southern field and are equal to 5.80 m®/t and 2.10 MPa. The
volume coefficient is 1.022 d. units, density-938.0 kg / m®, viscosity — 89 MPa*s.

On the Eastern wing, one sample was taken from the upper Albian horizon. Oil
it differs from other oil deposits by an even lower gas content (1.30 m®t) and
saturation pressure (0.22 MPa), as well as higher density and viscosity in formation
conditions (956.0 kg / m® and 373 MPa*s). The volume coefficient was only 1,011 d.
units.

For all deposits, reservoir oils are under-saturated with gas, heavy and high-
viscosity with low values of gas content and volume coefficient. The physical and
chemical characteristics of oil under surface conditions were studied by

110 samples from 74 wells, of which 93 samples were taken from the South
field of the West wing, on the North field of the West wing-12 samples, on the East
wing-3 samples and on

The Graben — 2 samples.

South field of the West wing. Paleogene, Cenomanian oil, the upper Albian, lower
Albian and Aptian horizons are bituminous, with a density of 950.8-963.2 kg / m°

, high-viscosity — 328.19-592.38 MPa*s at 200C. Paraffin content low and is only
0.51-1.06 %. Resin content above: silica gel resin — 7.51-22.73 %, sulphuric acid-
39.39-41.17 %, the content of asphaltenes was 1.45-3.60 %. The content of sulfuric
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acid resins is higher than that of silica gels. By mass the content of oil components is
high-sulfur (2.21-2.56%).

Cenomanian and Aptian oil was studied in the Northern field of the West wing
horizons. Both oil horizons are similar in their characteristics: bituminous (according
to ST RK 1347-2005 " Oil. General specifications») and high-viscosity, he density at
20 °C was 962.2 kg / m* and 965.2 kg / m® accordingly, dynamic the viscosity at 20
°C is 567.26 MPa*s and 529.15 MPa*s. By mass content oil components are high-
sulfur (2.33-2.95%), resinous according to Cenomanian (resin silica gel 11.86 %,
asphaltenes 1.61 %) and high-resinous on the Siberian horizon (silica gel resins 19.24
%, asphaltenes-3.78 %), low-paraffin (1.52 % and 0.88 %). The pour point is -21 °C
and -20 °C. Oil of the North field of the West the wings are characterized by a high
boiling point-247-252 °C, at 17-20% boil up to 300 OS and 41 % - up to 350 OS.

The degassed oil of the upper Albian horizon of the Eastern wing is similar to
West wing oil and is also bituminous (according to ST RK 1347-2005)
at a density of 966.3 kg / m®> and high-viscosity at a dynamic viscosity of 570.14
MPa*s. The content of paraffins is slightly lower and amounted to 0.39%, the content
of silica gel resins and asphaltenes are not defined, sulfuric acid resins-24.80%. Mass
the average concentration of sulfur is 2.51%, and the pour point is 27°C. The point of
beginning the boiling point corresponds to 240 °C. The yield of fractions boiling up to
300 °C was 20% by volume. Low-paraffin oil, high-sulfur.

The oil properties of Graben deposits were studied by two deep samples from
the deposits Klal3-A and Klal3-B. The properties of oil are similar to those of the
Western and Eastern wings, it belongs to bituminous, with an average density of
947.9 on the upper Albian horizon kg / m®. The dynamic viscosity at 20°C was
314.58 MPa * s, the oil is highly viscous. The content of paraffins was 1.15 %,
resinous substances-10.65 %, sulfur-2.0 %. the fractional composition of oil is
slightly lighter than the oil of other deposits. Temperature the boiling point is equal to
246 °C, the content of fractions boiling up to 300°C was 26 %.

The study of the properties of gas dissolved in oil was carried out on 6 samples,
from of which one is selected from the Cenomanian, one from the lower Albian, two
each from the Aptian and upper Albian horizons of the South field of the West wing.
On the North field

The West wing, East wing, and Graben were not examined for gas.

The gas in all the studied deposits is characterized by a light composition, and
in it is mainly composed of methane, and all samples have a noticeable content
nitrogen. Concentrations of ethane and heavier components vary from insignificant
until you're completely absent. The lightest was the dissolved gas of verkhnealbsky
horizon, consisting of 93.69% methane and 5.32% nitrogen, relative density by air
was 0.590 d. units. The Cenomanian horizon contains methane, nitrogen, and the
relative densities were 91.31%, 8.09% and 0.592 d. units, respectively, according to
lower Albian horizon-82.60%, 12.20% and 0.596 d. units, on the Aptian horizon-
88.86% , 8.74% , and 0.647 ad units[1].
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2.2 Properties of oil in reservoir conditions

At the time of writing, the number of deep oil samples is 16 samples from 12
wells, of which 14 were selected for the South field, 1 for the North field of the West
wing, and 1 for the East wing of the structure. For the first time, the characteristic of
reservoir oil of the upper Albian horizon of the southern field of the West wing is
given.

The average reservoir properties of reservoir oil are shown in.

For all deposits, reservoir oils are similar in properties and are under-saturated
with gas, heavy and high-viscosity with low values of gas content and volume
coefficient.

South field of the West wing. The properties of reservoir oil are determined
by the Cenomanian, upper-Albian, lower-Albian and Aptian horizons. The gas
content for them was 3.02-8.04 m® / t, the saturation pressure was 0.59-2.99 MPa at
reservoir pressures measured at the sampling depth equal to 5.25-11.30 MPa, that is,
the oil is under-saturated with gas. The volume coefficient on average over the
horizons varies from 1.018 to 1.043 d. units. The density in reservoir conditions was
926.9-936.0 kg / m°, the viscosity was 56-356 MPa*s. At the same time, the highest
gas content and saturation pressure is found in the oil of the Aptian horizon, and the
lowest — in the upper Albian. The oil of the Aptian horizon is also the least viscous,
and the Cenomanian horizon has the highest viscosity. Thus, the gas content
increases with the depth of occurrence, the other properties change in accordance
with the gas content. The dependence of the properties of reservoir oil on the area of
deposits is not traced.

The North field of the West wing was used to study the oil of the Aptian
horizon in one sample. The gas content and saturation pressure are slightly lower than
for the aptskaya Deposit of the southern field and are equal to 5.80 m® / t and 2.10
MPa. The volume coefficient was 1.022 d. u., density-938.0 kg / m®, viscosity-89
MPa*s.

On the Eastern wing, one sample was taken from the upper Albian horizon. It
differs from other oil deposits by its even lower gas content (1.30 m® / t) and
saturation pressure (0.22 MPa), as well as by its higher density and viscosity in
reservoir conditions (956.0 kg/m® and 373 MPa*s). The volume coefficient was only
1.011 d. units[2].

2.3  Properties and composition of decomposed oil

In this paper, laboratory studies of the physical and chemical characteristics of
oil under surface conditions were studied on 102 samples from 66 wells, including 90
samples from the southern field of the West wing, 9 samples from the Northern field
of the West wing, and 3 samples from the Eastern wing. One sample from well 15
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(aptskaya Deposit of the South field of the West wing) was rejected due to sharply
different values of density and viscosity from the other samples.

After compiling the work 23 new samples from 21 wells were studied.

South field of the West wing. The oils of the Paleogene, Cenomanian, upper
Albian, lower Albian and Aptian horizons of the Cretaceous deposits are similar in
their properties, slightly lighter than the rest of the oil of the upper Albian horizon.
Below is a description of the characteristics of oil in the average horizon.

Bituminous oils (according to ST RK 1347-2005), with a density of 950.8-
963.2 kg/m®, have a very high viscosity — 328.19-587.25 MPa*s at 20°C. The paraffin
content is low and is only 0.51-1.06 %. The content of resins is higher: silica gels —
6.92-23.19 %, sulfuric acid-39.39-41.17 %, the content of asphaltenes was 1.45-3.71
%. The content of sulfuric acid resins is usually higher than that of silica, since not
only resinous substances react with sulfuric acid, but also partially asphaltenes and
some high-molecular oil hydrocarbons. Their high content in General indicates a
weighted composition of oil. Low paraffin content and high resin content are caused
by low oil pour points-on average from -20 °C to -28 °C. The mass content of oil
components is high-sulfur (2.21-2.56 %). The fractional composition of oil indicates
a low content of light fractions, since the boiling point is at a high level-185-249 °C.
The volume content of light fractions boiling up to 300 °C was 16-23 %, and up to
350 °C 45-46 %.

The oils of the Cretaceous horizons of the South field of the West wing are
classified as bituminous, high-viscosity, low-paraffin, from resinous to high-resinous,
high-sulfur.

Oil from the Cenomanian and Aptian horizons was studied along the Northern
field of the Western wing. Both oil horizons are also similar in their characteristics:
bituminous (according to ST RK 1347-2005) and high-viscosity, the density at 20 °C
was 961.9 kg / m® and 965.2 kg/m?®, respectively, the dynamic viscosity at 20 °C was
582.64 MPa*s and 529.15 MPa*s. According to the mass content of oil components,
they are high-sulfur (2.22-2.95%), resinous in the Cenomanian (11.17% silica resins,
1.54% asphaltenes) and high — resinous in the Aptian horizon (19.24% silica resins,
3.78% asphaltenes), low-paraffin (1.32% and 0.88 %). The pour point is -230C and-
20 °C. QOil also has a high boiling point-247-252 °C, 17-19% boils up to 300 °C and
41% - up to 350 °C.

The degassed oil of the upper Albian horizon of the Eastern wing is similar to
the oil of the Western wing and is also bituminous (according to ST RK 1347-2005)
at a density of 966.3 kg / m® and highly viscous at a dynamic viscosity of 570.14
MPa*s. The content of paraffins is slightly lower and amounted to 0.39 %, the
content of silica gels and asphaltenes is not determined, and the content of sulfuric
acid resins is 24.80 %. The average mass concentration of sulfur is 2.51 %, and the
pour point is 27 °C. The boiling point corresponds to 240 °C. The yield of fractions
boiling up to 300 OS was 20 % by volume. Low-paraffin oil, high-sulfur[2].
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2.4 Composition and properties of gas dissolved in oil

The properties of gas dissolved in oil were studied using 6 samples, one of
which was taken from the Cenomanian, one from the lower Albian, two from the
Aptian, and two more from the upper Albian horizons of the southern field of the
West wing. The gas was not studied in the North field of the West wing, the East
wing, and the Graben. After work, two samples from the R-8 well were examined.

The gas in all the studied deposits is characterized by a light composition and
mainly consists of methane, as well as a noticeable nitrogen content was found in all
the samples. Concentrations of ethane and heavier components vary from
insignificant to completely absent.

The lightest was the dissolved gas of the upper Albian horizon, consisting of
93.69% methane and 5.32 % nitrogen, with a relative density of 0.590 d. u. For the
Cenomanian horizon, the content of methane, nitrogen and relative density were
91.31 %, 8.09 % and 0.592 d. units, respectively, for the lower Albian horizon-82.60
%, 12.20 % and 0.596 d. units, for the Aptian horizon-88.86 %, 8.74 % and 0.647 d.
units.

Of the inorganic components, the nitrogen content is the highest, while the
content of the other components, including hydrogen sulfide, ranged from
insignificant to non-existent. A small admixture of hydrogen was detected from
samples from the lower Albian horizon, and carbon monoxide was detected from the
Aptian horizon. These components are usually not contained in natural gases, as they
are products of incomplete oxidation of hydrocarbons[2].

2.4 Properties and composition of reservoir water

The properties and composition of reservoir water in the productive horizons of
the field were studied using 21 samples from 20 wells in the South field of the West
wing and 2 samples from 2 wells in the North field. The data previously available
were supplemented with 10 samples from 9 wells. According to new data determined
the composition of water in the Aptian horizon North field, verhnelenskoe horizon
South fields of the West wing and expanded the data on Cretaceous horizons of the
South field.

On the Cenomanian horizon of the southern and Northern fields, water is
similar in composition. In the southern field, the water salinity was 107.5 g / |, and
the density was 1090 kg / m®. Type of water chlorelly, the ionic composition of
sodium chloride. The content of bicarbonates was 2.36 mol / m® (143.7 mg/l), and
sulphates — 3.76 mol/m® (360.9 mg/l). In the Northern field, the water salinity is
102.5 g / I, the density is 1077 kg / m®. The content of hydrocarbonates is also lower-
0.60 mol / m® (36.6 mg / ), there are no sulfates.

The upper Albian horizon is characterized for the first time by the southern
field of the West wing. Water of the chlorocalcium type with a mineralization of
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126.4 g/ | and a density of 1095 kg / m*. The content of sulfates and bicarbonates is
insignificant, the content of calcium prevails over magnesium.

Along the lower Albian horizon of the southern field of the Western wing,
water is also highly mineralized (137.5 g / 1), of the chlorocalcium type, with a
density of 1106 kg/m®. The water differs from other horizons in its high content of
sulfate ions-on average 8.88 mol / m® (852.3 mg/l).

The water of the Aptian horizon is similar in salt composition in the southern
and Northern fields of the Western wing: the total salinity averaged 143.4 g/l and
166.2 g/l, and the density was 1111-1133 kg / m®, respectively. According to V. A.
Sulin, water belongs to the chlorocalcium type and differs in low content of
hydrocarbonates-1.21-2.41 mol/m® (73.9-147.1 mg/l) and higher content of sulfates —
5.12-10.83 mol/m® (383.83-491.5 mg/I)[2].
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3 Characteristics of the enterprise as a source of atmospheric pollution

The development process of the Kara-Arna field will be accompanied by
emissions of pollutants into the atmosphere during:
e Well construction;
arrangement of well sites;
production, transportation and preparation of hydrocarbon raw materials.
Air pollution is assumed to result from the release of:
dust in the course of construction and installation works (digging trenches,
collapsing the fuel platform, transporting soil, etc.);
exhaust gas when the internal combustion engine is running;
o light fractions of hydrocarbons from process equipment (drainage tanks,
separators, oil reservoirs, pumps and shut-off and control equipment);
¢ products of gas combustion (heaters) of oil.
Both organized and unorganized sources of emissions will operate during the
field operation.

3.2 The calculation of the emissions of pollutants

The calculation of emissions —of pollutants was carried out in accordance with the
following regulatory and methodological documents approved in the Republic of
Kazakhstan:

e "Collection of methods for calculating emissions of pollutants from various

industries”, Almaty 1996;
e "Method for calculating emissions of pollutants into the atmosphere from
stationary diesel installations”, RND 211.2.02.04-2004 Astana, 2004;

e "Instructions for inventory of emissions of harmful substances into the

atmosphere (RND 211.1.02.03-97);

e "Instructions for regulating emissions of pollutants into the atmosphere™, etc.

Table 3 - Estimated atmospheric emissions from oil storage tanks by year

The name of the emissions of Emissions

Code pollutants 2016 y. 2017 y. 2018 y.
a/s t/year a/s t/year g/s t/year
0415 | Hydrocarbons C1-C5 1,2212 | 1,3200 | 1,2212 | 1,2257 | 1,2212 | 0,4984
0416 | Hydrocarbons C6-C10 0,4537 | 0,4893 | 0,4527 | 0,4544 | 0,4537 | 0,1847
0602 | Benzene 0,0059 | 0,0064 | 0,0059 | 0,0059 | 0,0059 | 0,0024
0621 | Toluene 0,0037 | 0,0040 | 0,0037 | 0,0037 | 0,0037 | 0,0015
0616 | Xylene 0,0019 | 0,0020 | 0,0019 | 0,0019 | 0,0019 | 0,0008
Total 1,6854 | 1,8217 | 1,6854 | 1,6916 | 1,6854 | 0,6878

3.3 Measures to reduce air emissions
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Reduction of emissions and reduction of their ground-level concentrations is
provided by a complex of planned, technological and special measures.

Technological measures include the use of the latest technological equipment,
advanced production technologies, including:
1. Tanks are equipped with breathing valves that prevent significant losses of
hydrocarbons.
2. the strength and tightness of technological devices and pipelines is Ensured.
3.a system of automation and remote control has been Implemented and is in
operation.
4. scheduled preventive repairs and prevention of technological equipment are
Carried out.
5. Harmful and explosive processes are located in separate rooms and in open
areas.
The company regularly conducts activities aimed at improving the
technological safety of work at wells and industrial sites:
e monitoring of reservoir pressure and production volume;
e periodic monitoring of pipeline tightness;
e periodic inspection of the technical condition of the tank farm;
e storage of chemicals in specially equipped places and strict compliance with
safety regulations when working with them,;
e equipment of all pipelines with check valves;
e availability of an emergency set of tools and technical means for dealing with
emergencies at each industrial site;
e development of an action plan for the prevention and elimination of accidents
at the facility;
e equipment of reservoirs with local warning and alarm systems;
e training of service personnel to act in an emergency, etc [3].
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CONCLUSION

This diploma project identified the tectonic structures and oil and gas potential
of the Kara-Arna field and analyzed the physical and chemical properties of oil and
gas. As the annotation says, | think that | have completely covered the all 3 parts.
Using lithology and stratigraphic characteristics for this field, a stratigraphic column
was constructed and a graph of the physical and chemical properties of oil and gas
was constructed using all the data found about the Kara-Arna field.

In economic terms, the area is favorable, with a developed oil industry
infrastructure. The district includes:

e Central Asia — Center gas pipeline;

e Tengiz - Kulsary — Atyrau - Novorossiysk oil pipeline;
e Uzen - Kulsary - Atyrau - Samara oil pipeline;

e Astrakhan-Mangyshlak water pipeline

Kara Arna’s plan for further drilling: to increase the technical and economic
efficiency of the development by combination of operational facilities and
implementation at the same time, by means of special equipment for monitoring and
regulating the process in wells it is provided simultaneously-separate operation.

Provided at the main facilities for optimization and strengthening the current
system of Reservoir pressure maintenance with near-circuit flooding by transferring 4
mining companies wells for water injection after working them off for oil. It also
considers geological and technical measures aimed at rehabilitation of the existing
well stock. These are conclusions from inaction, transfers to other objects, the use of
simultaneously-separate operation technology, conclusions from liquidation,
conservation, transfers of wells to other categories, isolation of watered intervals,
capital and underground repairs of wells etc are Planned various geological and
technical measures in the amount of 40 works by major well repairs annually.
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IIporokoua anainu3a Or4yera noaodus
3aBeyloLero Kageapou / Ha4aabHUKA CTPYKTYPHOI0 IOAPAa3/1e/1eHus!

3aBeayronmii kadeapol / HadYalIbHUK CTPYKTYPHOTO MOJpPA3/EICHUS 3asBIIAET, YTO
o3Hakomuics(-ach) ¢ IloaHbIM OTYeTOM MOA00MsA, KOTOpPBIA OBLI CreHepupOBaH
CucTemoli BBISIBICHHS U MTPEIOTBPAIICHHS IIaraTa B OTHOIIEHUHU paOOTHI:

ABTop: OpbiHOacapoBa AliHYp AFaHACKBI3bI
Ha3Banme: TexkToHMUYECKOE CTPOEHHUE, HEPTEra30HOCHOCTb M aHAINU3 (U3HUKO-
XMMHYECKUX CBOMCTB M cocTaBa He(pTU U ra3za Mmecto-poxaeHus Kapa Apna

Koopaunarop: {wisapa Ypmanosa

Kox¢ppunuent nogodus 1:0,1

Koa¢ppuument nonodous 2:0

3ameHna OykB:3

HNuTepBanbi:(

Muxkponpobeabi:()

Beabie 3Hakn:0

Ilocne anaam3a oryera mogoOMsl 3aBeAyWIIMH Kadeapoid / HaYaJIbHHMK
CTPYKTYPHOI'O NMOApAa3/ieIeHUs1 KOHCTATHPYeT cieayrliee:

M oOHapyxeHHBbIe B pabOTe 3aMMCTBOBAHHUS SBJSIFOTCS JOOPOCOBECTHBIMH M HE
o0nafaroT TNpU3HAKaMHM IUiardata. B cBsa3um ¢ yeMm, pabota mpuU3HAETCS
CaMOCTOSITEJIbHOM U JOMYCKAETCA K 3aILHTE;

[] oOHapyxeHHBbIC B pab0Te 3aMMCTBOBaHUS HE 00J1a/1al0T MPU3HAKAMU TUIaruata, HO
UX Ype3MEPHOE KOJIMYECTBO BBI3BIBAET COMHEHHS B OTHOIICHHH HEHHOCTH PabOThI
10 CYIIIECTBY M OTCYTCTBHEM CaMOCTOSITEILHOCTU €€ aBTopa. B cBs3u ¢ yem, pabora
JI0JI’KHA OBITh BHOBb OTPEAKTUPOBAHA C IEJIbI0 OTPAHUYECHHS 3aMMCTBOBAHMUI;

[ oOHapyxeHHbIC B pabOTe€ 3aMMCTBOBAHHUS SBISIOTCS HEAOOPOCOBECTHBIMH U
o0nafaroT TpHU3HAKaMHU IUlaruara, WiId B HEH cojaepxkaTcs MpeaHaMEpEeHHbIE
UCKQKEHUsI TEKCTa, YyKa3bIBAIOIIWE Ha TOMBITKH COKPBITUS HEI0OPOCOBECTHBIX
3aMMCTBOBaHUU. B cBsi3M ¢ uem, paboTa He JOMyCKaeTCs K 3allluTe.

Oo0ocHOBaHHE:
Pa60ma 6bINOJIHEHA CcaMoCmoAaAmeslbHO U He Hecem d2JlemMerHmoe njiazcuamad. B CBA3U C
IMuM, pa60ma npuswaemc;z camocmo;zmeﬂbﬂoii u OOHyCKaemC}Z K 3au;ume.

24.05.2020

MoanvcaHo undpposoi o
Hara noanvChio: EHcenbaes TA. Iloonucw 3asedyroweco kagheopoii /

[lata: 2020.05.27 14:22:31 +06'00' HAUANLHUKA CMPYKMYPHO20 NOOPA30eleHUs.
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OxoHuaTe/ibHOE pelleHHMe B OTHOLIEHMH [IOMYyCKAa K 3alluTe, BKJIKOYAS
o0ocHOBaHue: /[uniomuas paboma 0onyckaemcs K sauume.

24.05.2020 [MOAMMNCAHO LIUBPOBOIM =+ sssemrmrssssssi e
Hata nognucbio: EHcen6aes T.A, Iloonucs 3asedyrouezo kageopoii /

[ata: 2020.05.27 14:22:0§¢ 14 1bHUKA CMPYKMYPHO2O noopa3zoenenus
+06'00'
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IIporoxkoa ananu3a Oryera nogodus HayynsimM pykoBoauTeseM

3asBisit0, 4TO 51 03HaKOMUJICsA(-ach) ¢ [ToaHbIM 0TUYETOM 1MO00MS, KOTOPBIN OBLI
CreHepUpPOBaH
Cuctemoil BbISIBIICHHS U TIPEAOTBPAILICHHS TIIaruaTa B OTHOIICHUU PaOOTHI:

ABTop: OpsinbacapoBa AliHYp AFaHacKbI3bl
Ha3zpanue: TekToHHYECKOE CTpOEHUE, HE(PTEra30HOCHOCTh U aHAU3 (PU3UKO-
XUMUYECKUX CBOMCTB U cocTaBa HETH U raza MecTo-poxaeHus Kapa ApHa

Koopaunarop:/{unsapa Ypmanosa

Ko>¢ppunuent nogodous 1:0,1

Koa¢ppuument nonodous 2:0

3ameHna 0ykB:3

HNurepBanbi:(

Muxkponpobeabi:()

Beabie 3nakmu: 0

IMocsae ananusza OTyeTa NOAO0UA KOHCTATHPYIO Cieayloliee:

M oOHapykeHHbIE B paO00OTE 3aMMCTBOBAHUS SBJISIFOTCS JOOPOCOBECTHBIMU U HE
o0J1ataroT

npu3HaKaMHu riaruata. B cBsizu ¢ uem, nmpusHaio paboTy caMOCTOSITEIBHON U
JIOITYCKalo €€ K

3alluTe;

[] oOHapyxeHHBIC B pabOTe 3aMMCTBOBaHMS HE 00JIaaf0T MPU3HAKAMH TUIarkara, HO
UX Ype3MepHOe

KOJIMYECTBO BBI3IBAET COMHEHUSI B OTHOIIEHUHU [IEHHOCTH Pa0OTHI IO CYIIECTBY U
OTCYTCTBHUEM CaMOCTOSITEJIbHOCTH €€ aBTopa. B cBs3u ¢ yem, paboTa n0nKHA OBITH
BHOBb

OTpEAaKTUPOBAHA C IIEJBbI0 OTPAHUYEHUS 3aMMCTBOBAHUMH;

[ ] oOHapyskeHHbIE B paO0TE 3aUMCTBOBAHMS SIBISIFOTCS HEJOOPOCOBECTHBIMU U
00J1a1ar0T

NpU3HAKaMH IUIaruaTa, Uiy B HEel coepkaTcs pelHaMepEeHHbIE HCKAaXEHUS TEKCTa,
YKa3bIBAIOIINE HA TOMBITKA COKPHITUS HETOOPOCOBECTHBIX 3aMMCTBOBaHMH. B cBs3H
C 4eM, He

JOMYyCKalo paboTy K 3allHTE.

O6ocHoBanue: Paboma evinoinena camocmosamenvpHo U He Hecem 2JIeMeHmMO8
nnaeuama. ObHapysicenHvle 8 pabome 3aUMCMEOBAHUS ABNAIOMCS
000pocogecmHbIMU. B céa3u ¢ smum, npusnaio pabomy camocmosmenvHou u
oonyckarto ee K 3aujume nepeo 20cy0apCmeeHHOU KOMUCCUEU.
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37



MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

Kazakh National Research Technical University named after K. I. Satpayev

REVIEW

of the diploma work
Student Orynbassarova Ainur Aganasovna
Specialty 5B070600 — Geology and exploration of mineral deposits
Institute of Geology, Oil and Mining named after K. Turysov
Department of Petroleum Geology
Title of the diploma work Tectonic structure, oil and gas potential and analysis of
physicochemical properties of oil and gas of the Kara arna field.

Scientific adviser: master of technical sciences, lecturer Urmanova D. E.

The diploma work of Orynbassarova Ainur Aganasovna written on a relevant
topic “Tectonic structure, oil and gas potential and analysis of physicochemical
properties of oil and gas of the Kara arna field.”

The main goal of student Orynbassarova A. A. was: to identify tectonic
structure, oil and gas potential and to analyze the physicochemical properties of oil
and gas of the Kara Arna field.

The diploma work is developed based on the analysis of a large number of
specialized literature and in accordance with current methodological
recommendations and normative legal acts established by the legislation of the
Republic of Kazakhstan.

The diploma work describes the general, geological and lithologycal
characteristics of the area, tectonic structures, oil and gas content, lithology and
stratigraphic column. Analyzed the physical and chemical properties and composition
of the oil. Also the ways to calculate the emissions of pollutants into the environment
and atmosphere and measures to reduce them were considered.

The work was carried out rhythmically and in accordance with the calendar
schedule. Graphic material is designed carefully and in accordance with the
requirements of the organization's Standard "General requirements for the
construction, presentation, design and content of standards”, ST RK 1.2-2013GSTR
RK. ST KazNRTU - 09 — 2017.

The diploma work of Orynbassarova A. A. corresponds to the technical task
and is characterized by a deep study of the topic and is made with the use of modern
progressive technologies.

| believe that Orynbassarova A. A. has applied the methodology, types and
volumes of geological and lithological work to build a stratigraphic column of that
field, prepared for independent work in the specialty 5B070600— Geology and
exploration of mineral deposits.
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Scientific adviser: ~ master of technical sciences, lecturer Urmanova D.E.
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