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METHODS OF FEASIBILITY STUDY OF EFFICIENCY OF WELL PLACEMENT OF
HORIZONTAL DIRECTIONAL WELLS WITHIN OIL AND GAS RESERVOIR BED
BOUNDARIES. JSC EMBAMUNAIGAS SUCCESS EXPERIENCE WERE TAKEN FOR
ANALYSIS

Abstract. This article describes the positive experience of applying an integrated approach in planning and drilling
horizontal wells with geosteering in the fields of Embamunaigas JSC (most of which have entered the late stage of
development, with a steady increase in hard-to-recover hydrocarbon reserves) in order to achieve maximization of oil
production. In this article we present a comprehensive horizontal well placement approach which comprises the following
key elements: Interpretation of 3D seismic and the use of logs of nearby wells and a 3D static model for well trajectory
planning; following a pre-agreed geosteering procedure while drilling, on-site analysis of cuttings and LWD data to adjust
the well trajectory and, thereby, optimize well placement. The extent of field development drilling activity of the objects,
production drilling of the main development object and the need of horizontal section well placement in the area of the
existing element of the development of the object impose certain restrictions on the drilling of horizontal wells. Well
placement is one of the best solution to increase production and extend of brawn field life.

Key words: drilling, geosteering (well placement), wells, LWD (Logging While Drilling), to adjust well trajectory.
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MYHAM-TA3 KABATHI IIEKAPACBIHJIA KOJIIEHEH-KOJIBEY YHF BIMAJIAP/BI
OPHAJIACTBIPY TUIMALIITTHIH TOH SICTEMECI. EMBIMYHAMIA3 "AK-HBIH
TABBICTBI TOKIPUBECI TAJIIAH/AbI

Anparna: byn makanmana myHail eHzaipyai OapbIHIIA apTThIpyFa KOJI JKEeTKi3y MakcarblHaa "EmOimynaiira3z”" AK ken
OpBIHJIAPBIH/IAa TEOHABUTAIMSCH! 0ap KOJJIEHEH YHFhIMasIap/bl jKocrapiay >koHe Oyprbulay Ke3iHIe KeIeHl ToclIi
KOJJIAaHY/IbIH OH TXipuOeci cumnarraiaisl (onapiblH 0ackiM 0euliri urepilyl KUbIH KOMIPCYTEK KOpPJIApbIHBIH Y/Iaiibl
ecyiMEH UTepy/IiH Kelll Ke3eHiHe 6TKeH ). byt Tocin reohusnkaibik aepekrepai naiaananyra (3D-celicMukabIk OapiaynaH
Oactan yHFBIMaJapabl erkei-Terxeini reopusnkansik 3eprreyre (IAXK) meiiH, reonoTusIbIK MOIETIbIEY HOTIKEIepi
OolfbIHIA YHFBIMAaHBIH TPACKTOPHUSCHIH KoOajayFa, Oyprbulay npouecinne ansiHFad [AXK, 1muiam jkoHe reoHaBHIaLHs
JICpeKTEpiH YHFBIMAHBIH MOJEJBACPIH HAKThUIAY JKOHE TPACKTOPMSCHIH TY3€Ty YIIIH KOJJIaHyFa, OyprblUIaHAThIH
JKBIHBICTAPBIH CY3Y-CHIMBIM/IBUIBIK KACHETTEPIH HAKTHI YaKbIT PEXKUMiH/IE Oaranayra Heri3/esreH.

KeuyieHeH yHFbIMalap/ibl T€OHABHUTALMSUIAYy-€CKI MYHAll K€H OpPHBIHBIH OHAIPICIH YIIFAlTy OHE KbI3MET €Ty Mep3iMiH
y3apTy YIIIiH €H KaKChl HICHIiMACPIiH Oipi.
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Tyitinai ce3mep: Oyprpuiay, reoHaBUTAIMs (MyHal XoHE ra3 KaOaTBIHBIH KapTachlHAA KONJICHEH YHFBIMaHBI
OpaHalacTeIpy), YHFbIMaap, Oyproutay kesingeri LWD reodu3sukacel, YHFBIMaHBIH TPACKTOPHSCHIH TY3€ETY.

EcupkeeB A. M.*!, Texnees I.10.
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METOAUKA TI0 DOPEKTUBHOCTU PASMEIIEHUSA T'OPU30OHTAJIBHO-
HAKJIOHHBIX CKBAZKUH B TPAHUIIAX HE®TEI'A30BOI'O IIJTACTA.
IMMPOAHAJIN3UPOBAH YCIEIIHBIN ONBIT AO «3MBAMYHAMIA3»

AnHoTanusi. B Hacrosiieil crarhbe OMHMCBHIBACTCS TMOJNIOKUTEIbHBIA OMBIT MPUMEHEHHS! KOMIUIEKCHOTO MOJXO0Ja IpU
[UIAHUPOBAHUU W OypEeHHH TOPU3OHTAIBHBIX CKBRKUH C IEOHABUTAIMEH Ha MeCTOpOXkJIeHUsX AO «DmbamyHaiiras»
(Ooplirasi 4acTh KOTOPBIX BCTYIHJIA B MMO3IHIOK CTaJUI0 Pa3pabOTKU C HEYKJIOHHBIM POCTOM TPYIHOU3BIECKACMBIX
3a1acoB YIJIEBOIOPOJIOB) B LIENSX JIOCTHIKEHUSI MAKCUMH3ALIUK TOOBbIYM HEQTH. DTOT MOAXO/] OCHOBAH HA UCIIOJIb30BAHUU
reopusndeckux MaHHBIX (0T 3D-celicMopasBeIKu 10 NeTambHBIX Treodusmueckux wuccriemoBannii ckBaxuH (I'MC),
MPOCKTUPOBAHUU TPACKTOPUHU CKBAKUHBI [0 PE3YJIBTATaM I'e0JI0rMYeCKOro MOICINPOBaHUsL, TpuMeHeHun gaHubix [UC,
[IJIaMa U T€OHABHUIALMK, MMOJYYEHHBIX B IpOLecce OYpeHUsl JUlsl YTOUYHEHHsI MOJENCH U KOPPEKTUPOBKU TPACKTOPHU
CKBXHUHBI, OLEHKH B PEXKUME PEaTbHOTO BPEMEHHU (UIIBTPAIlMOHHO-eMKOCTHBIX CBOWCTB pa30ypuBacMbIX MOPOI.
Komriieke cinoxHoCTeil: MaciTadbl SKCIUTyaTallMOHHOTO0 OypeHHsi 00bEKTOB, IKCILTyaTalHOHHOE OypeHHe OCHOBHOTO
0o0beKkTa pa3paboTKH U HEOOXOJMMOCTh PAa3MEIICHHUS! CKBKMH TOPU30HTAIBHOIO y4acTKa B paiioOHe CYIIECTBYIOMIETO
JNIEMEHTa Pa3pabOTKH OOBEKTa HAKIIAJBIBAIOT OINpPEACICHHbIC OTpAaHUYCHHUS HA OypeHHE TOPU30HTAIBHBIX CKBAKHH,
a TaKKe IUIAHMPOBaHUE 00BEKTa Pa3pabOTKU 3a CYET 3AJ0NKEHUsI CETKH FOPU30HTAIBHBIX CKBAXHHBI C MPUMEHEHHEM
TEOHABUTallUU B IMpeAeiax KapTupoBaHus HedTsiHOro ruiacra. ['eOHaBUTAIMs TOPU3OHTAIBHBIX CKBRXUH — OJIHO U3
JYYIIUX PELICHUM ISl yBEIMYCHUs! JOOBIUH U MPOJUICHHS CPOKA CIYKObI CTAPOr0 MECTOPOKICHUS HEPTH.

KatoueBble cioBa: OypeHne, reoHaBHranusi (pacroyioOKEHHE TOPH30HTAIBHONH CKBAXXHHBI BHYTPH KapTHPOBaHMUS
HedTerazoBoro 1iacra), ckBaxunsl, LWD reodusnka Bo Bpems OypeHusl, KOPPEKTUPOBKA TPAEKTOPUU CKBAXKHHBI.

Introduction

Drilling of Directional Horizontal wells with Geosteering have obvious advantage of having much
higher oil production rate compare to vertical wells. JSC Embamunaigas achieved one of the best results
in efficiency of Drilling Horizontal wells with geosteering due to Engineering approach and Efficiency of
Integrated team of Geologist, Petro physicist and Drilling department. In our article we will touch on the
key aspects of a successful example of JSC Embamunaigas well placement of horizontal directional wells
within oil and gas bed boundaries.

Main provisions

Production of JSC «Embamunaigas», Geography, Solving geological problems and reducing
uncertainties, structural modeling, steps of well placement, software systems, implementation of the
project, conclusion, references.

Materials and Methods

Basics of Well placement, JSC «Embamunaigas» data, three possible ways to study the change in
lithology and properties of the rock during drilling.

Production of JSC «Embamunaigasy.

The average annual production at JSC Embamunaigas is more than 2.6 million tons.

To date, JSC «Embamunaigas» is developing 36 fields. In the context of these fields, productive
strata are characterized by different geological and physical properties of reservoirs and physicochemical

61



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHNYECKOIO YHUBEPCUTETA, N°3 (62), 2022 o

properties of oil. Most of the oil fields of the industry have entered a late stage of development, the share
of hard-to-recover reserves of fields is steadily growing. Stabilization of the level of oil production in
recent years has been achieved through the application of a set of measures: drilling horizontal wells
with well placement, drilling new wells, workover and current repair of wells, systematic work with
the well stock, increasing oil recoverability factor, increasing the overhaul period, introducing advanced
technologies and optimizing of the field development system.
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The operational site is characterized by high dissection. In addition, there are lithological shielded
isolated deposits in sand lenses bounded on all sides by fluid barriers. Thus, in the same field at the
same hypsometric elevations there are strata with different saturations. Unfortunately, due to the low
vertical resolution, seismic data does not allow to reliably identify individual, often isolated, objects in the
clinaform post-salt complex of the southern side of the Caspian Depression, which significantly affects
the choice of the system for the development and operation of the object.

The extent of field development drilling activity of the objects, production drilling of the main
development object and the need of horizontal section well placement in the area of the existing element of
the development of the object impose certain restrictions on the drilling of horizontal wells. The trajectory
of wells is calculated taking into account minimizing the risk of crossing and anticollision risk between
existed wells.

Solving geological problems and reducing uncertainties.

In the conditions of pilot sections drilling of the wells and the presence of geological uncertainties
real time monitoring of the well trajectory and well placement of the well during drilling is required. In
addition, due to the natural features of the reservoir while drilling through various lithological changes,
additional control of the position of the wellbore is also necessary. The final result is affected by the
following uncertainties.

— The uncertainties of the lithological structure and position of the oil-water contact, due to long
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horizontal section with length 0.5 — 1.1 km from vertical line, and low level of geological data availability
of Triassic deposits and the complexity of the structure of the oil&gas deposits.

— Uncertainty associated with the dip formation angle of the reservoir bed: according to the results
of the interpretation of seismic data and the actual results of drilling, the angle of incidence of the reservoir
may differ from the planned one by +/- 1-5°.

— Uncertainty due to the thickness of the reservoir and the lithology of the rocks. According to the
data obtained during drilling of the wells, the thickness of the main stratigraphic layers varies slightly. At
the same time, a change in the lithological composition of the rocks can be traced from well to well. In
addition to solving the main problems of field development, the wells allow further study of the geological
structure of the object.

Geological support in real time (well placement) makes it possible to make operational decisions aimed
at improving the efficiency of well placement in conditions of geological uncertainties in determining the
spatial position of the wellbore relative to geological boundaries.

As part of the preliminary structural modeling, a complex of geological and geophysical data for the
entire field is used, including the results of the interpretation of seismic exploration data, information
of previously drilled wells (the results of the interpretation of wireline data, core and drilling cuttings
analysis data).

The preliminary structural modeling stage includes a detailed correlation of the opened section with
the wireline data obtained during the drilling of all wells. While drilling of intermediate section, the
structural elements of the overlying strata are specified. The "landing" of the intermediate casing is carried
out and the trajectory of the horizontal section in the target interval is adjusted.

The high stratification factor and lenticular nature of the target interval make it difficult to conclusively
determine the position of the wellbore relative to the stratigraphic top and bottom of the formation, so the
complex of geological and geophysical studies in the drilling process is planned in such a way as to obtain
maximum information without carrying out additional descent tripping in/out operations.

The most important aspect of well placement is the timely decision to correct the trajectory of the well
depending on the incoming data. Currently, there are three possible ways to study the change in lithology
and properties of the rock during drilling.

1. Monitoring. This method does not involve active actions and changes in the trajectory of the well.
Drilling is carried out according to a pre-planned program and excludes the possibility of influencing
the position of the wellbore. This is a passive method, i.e. it involves only observation. In this case, it
is appropriate to talk about the absence of well placement. An example is geometric drilling, in which
the trajectory does not change depending on the properties of the formation. Incoming logging data is
monitored, but no decisions are made based on these observations.

2. Comparison of types of well logging carried out by non-azimuthal devices. This is a well-
established method of well placement. It does not require expensive images to work with; it can be
effective even if there is one gamma ray logging curve (GR). The technique is "reactive": after drilling a
certain interval, the resulting logging diagrams are processed, based on that decision will be made. This
method includes four consecutive steps:

— Construction of a two-dimensional plane-parallel model of the reservoir;

Calculation of synthetic logging data along the trajectory of the drilling well;

— Comparison of actual well logging during drilling with synthetic logging;

— Update of the model, forecast of the formation dip angle of the reservoir.

The result of the work is the determination of the stratigraphic position of the wellbore in the reservoir,
as well as the forecast of the structure of the formation. A graphical representation of the methodology is
shown in Figure 2.

63



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHNYECKOIO YHUBEPCUTETA, N°3 (62), 2022 o

Correlation well logging data Synthetic/actual logging
and reservoir properties

Properties

I | At N VT Ao as S Y RN \p

1 2D models reservoir
properties

Figure 2 — Method of comparison of types of well logging data.
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Synthetic logging is built on the basis of data from neighboring (reference) wells, which can be
vertical or directional. Before drilling of a horizontal well, a reservoir model is created that takes into
account the regional formation dip angle of the reservoir, obtained from the geological model of the field.
Synthetic logging data built along the trajectory of the horizontal well based on the logging data of the
reference well.

The actual logging of the horizontal well is compared with the synthetic logging of the model, after
that the model is updated until the greatest coincidence of synthetic and actual logging data is obtained.
Thus, the stratigraphic position of the wellbore in the reservoir is determined, and the change in the
structure of the reservoir is predicted based on its formation dip angle and the selection of actual and
synthetic logging. If necessary, the trajectory is adjusted during the drilling process. If necessary, the
wellbore trajectory is adjusted during the drilling process of the horizontal well.

3. Determination of the formation dip angle of fall of the reservoir according to azimuth logging data.
Azimuthal is the logging that obtains data from a specific sector (azimuth) of the wellbore. This method
gives more information compared to the average value or logging for one sector, but is more expensive.

Curves of the upper and lower sectors are used to determine the formation dip angle of the reservoir
along the well trajectory of the well. When crossing the wellbores of the rock down the layer, the lower
sensor records the layer first, then it is recorded by the right and left side sensors and the last layer is
recorded by the upper sensor. When crossing the layer up the layer along the logging tool, the order of
padding by the sensors will be reversed. Using the distance between the logging curves of the upper and
lower sensors, it is possible to calculate the formation dip angle of the layers in the section of the trajectory
and thus determine the current position of the wellbore.

This method has the following advantages:

— Determination of the formation dip angle does not depend on lateral homogeneity and uniformity
in the thickness of the formation;

— Direct determination of the position of the wellbore in the reservoir, which does not allow for a
dual interpretation (for example, for the method of comparing logging, a situation may arise when two
different sets of angles of formation dip of the reservoir give a same degree of correlation between actual
and synthetic logging).
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The disadvantages of the method include:

— The absence of lithological contrast when drilling in a lithological homogeneous layer - the method
will not be able to define changes even when drilling is directed to the top or bottom of the lithological
layers;

— The difficulty of determining the correspondences of the same layer on the logging of the upper
and lower sensors at a low angle between the wellbore and the layer;

— High cost.

To achieve maximum efficiency of well placement, it is necessary to use a combination of the second
and third methods. With this approach, the formation dip angle of the reservoir will be estimated by two
independent methods and the accuracy of the assessment will increase significantly. In addition, during
drilling, it is extremely important to obtain new logging data (conventional and azimuth) as quickly as
possible. Therefore, transmitting of logging data is happening in real-time.

Therefore, software systems for geological support of well drilling have been developed and actively
developed. Modern software solutions make it possible to combine the data of static geological models
with the results of various methods of well placement. This allows geologists to significantly increase the
efficiency of work to optimize the position of the wellbore.

Geological well placement using only traditional logging during drilling is difficult, since this method
does not give an azimuthal direction of measurements in the well. Therefore, changes in lithology can
be interpreted both drilling up and drilling down through the layers. In the case of azimuth logging, it
is possible to determine from which azimuth sector (upper, lower, right or left) the lithology of the rock
begins to change, which can show the direction of the trajectory of the well path in the reservoir (Figure
3).

!
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Figure 3 — Schematic of the position of the wellbore and wellbore image.

Results and discussions

Implementation of the pilot project

Before the start of drilling horizontal wells with well placement, a geological project for drilling was
prepared on the basis of the approved draft document for the development of the field.

The geometry of the horizontal section can be characterized by: the point of installation of the shoe
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of the operational column - the beginning of the horizontal section; the point at which the set of the
inclination up to 90°; the point of termination of the horizontal section is TD (Total Depth).

The main task of the geological service to support the drilling of wells is the location of points of
horizontal section in the most favorable geological conditions (maximum capacity, permeability and oil
saturation).

As part of the pilot project, the following set of geophysical studies in the drilling process was recorded
in the horizontal section of production wells:

— Gamma Ray logging;

— Array resistivity logging (400 kHz and 2 MHz);

Ultrasonic acoustic;
Images of Gamma Ray logging (eight sectors);

— Images of Ultrasonic acoustic logging (eight sectors).

The geophysical equipment used in the process of drilling the horizontal section made it possible to
obtain in real time multi-depth data of array electrical resistivity (Res) medium, GR - lower quadrant,
ultrasonic acoustic, images of Gamma Ray and Ultrasonic acoustic logging based on the results of
azimuthal measurements. The recording density along the length of the wellbore was at least three points
per 1 m for all logging methods.

The formation dip angles and azimuths of the reservoirs obtained during the processing of azimuthal
images corresponded to the values planned before drilling. The angles of impact of the reservoirs are
consistent with the conceptual geological model of the field, structural constructions and are controlled
by data on neighboring wells, including those obtained using the device of triaxial induction logging on
a conditional reference well.

The depth of the GR is about 0.15 m, the azimuthal image allows you to assess the parameters of the
environment in the study zone of a long electric logging probe (RES for attenuation of the amplitude
of 2 MHz). In one of the examples (Fig. 4, adjustment), the shape of the image indicates an approach
to the sole of the clay layer (fall of the structure), on the basis of which a decision is made to adjust
the trajectory of the wellbore by reducing the angle of inclination of the well with a gradual flattening.
Electric resistivity logging signals react poorly to boundaries due to the low contrast of media. After
adjustment and prolonged drilling with a stable angle, the shape characteristic of drilling down the section
and approaching the roof of the clay layer is fixed on the image of the GR.
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Figure 4 — North Nurzhanov, well 805

In the process of drilling the horizontal part of the wellbore, drilling cuttings were taken at intervals of
10 m. The main tasks were to describe the composition of the fractions: determine the amount of drilling
cuttings and the shape of the grains, photographing in UV light. Combining the results of drilling cuttings
analysis and wireline data makes it possible to obtain the most reliable picture by independent methods
for decision-making in the drilling process.

As it mentioned at:

https://emba.kz/rus/press-centr/inform_soobshenie/?cid=0&rid=997

24/7 monitoring of the drilling process together with the analysis of all incoming geological and
geophysical data allows you to make operational decisions on adjusting the drilling trajectory. In this
case, it is possible to fully realize the potential of the production well, taking into account the maximum
effective length of the horizontal section and well placement in the formation bed boundaries of the best
reservoir properties. Interpretation of wireline data during drilling allows you to identify even minor
changes in the characteristics of the section and make an operational decision to change the trajectory of
the wellbore.

Conclusion

The process of well placement, implemented during drilling horizontal section of the five production
wells of the suprasalt complex of the southern side of the Caspian Depression, made it possible to
accumulate experience in the operational study of the properties of the section, to assess in practice the
real capabilities of geophysical equipment and software. Such experience makes it possible to make
process and methodology of planning future work most effectively, choose the most informative research
methods and reduce the time of decision-making.

The results of drilling horizontal wells with well placement due to the opening of the productive
reservoir of the horizontal section exceeded the productivity of vertical wells: for the Uaz Vostochny field
by 8 times; for the East Moldabek field the J-VII horizon by 13.5 times and the J-VI-B horizon by 7.5
times; for the Severny Balgimbayev field , preliminarily by 5 times.

As it mentioned at:

https://petrocouncil.kz/embamunajgaz-nachala-perehodit-na-gorizontalnoe-burenie/

The current situation in the commodity market, fluctuations in macroeconomic parameters and the
presence of investment constraints necessitate the selection of optimal solutions at each stage of the
implementation of oil and gas projects. The accumulated positive experience in using existing technologies
in the field of geological and geophysical research in the construction of horizontal wells is important not
only within the framework of the current project for the development of suprasalt complex of the southern
side of the Caspian Basin, but also in general for projects with hard-to-recover reserves.
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Caejienus 00 aBTopax

EcupkeeB Amen MeiipamoBu4 (aBTOp ISt KOPPECTIOHICHITHN)

Maructp HedTerazoBoro jaena, MeHeKep 1o npogaxkaM u mapketury TOO «Wellbore Integrity
Solutions Kazakhstany», Ilpomslniiennas 3ona 4, ctpoenue 86, ceno Manrucray, MyHalIMHCKHIA
paition, 130600, . Axray, Kazaxcran

Email: amen.yessirkeyev@wellboreintegrity.com

ORCID ID: 0000-0003-1504-624X

TeseeB I'ennaguii FOpbeBu4

Hokrop PhD, IlepMmckuii rocygapcTBEHHbIN TEXHUYECKUH YHUBEPCUTET, TUPEKTOP 110 MHHOBALIMOH-
HBIM pa3paboTKaM CHCTEM WHTEPHET-MOHUTOpHHTA OypeHus HedrerazoBbix ckBakun OO0 «1PCUM»,
yi. barparnona, 44, 664056, . Upkytck, Poccus

ORCID ID: 0000-0002-4289-1118

Email: teleev-g@mail.ru
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