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Abstract

In the rapidly evolving energy landscape, achieving not only economic benefits but also ensyring energy stabili-
ty for the region and the global energy resource market has become a key objective. This s{gfly aims to optimize

the processes of directional and inclined drilling of exploratory wells in the Caspian Sea o area in Turk-
menistan, focusing on enhancing efficiency and reducing environmental impact. Am@nSghe ods used, the
analytical method, classification method, functional method, statistical method thegs@ethod, and others
should be noted. The study involved an analysis of directional drilling proces ratory wells in the

Caspian Sea offshore area of Turkmenistan. Innovative technologies were
mented to streamline production processes with an emphasis on environrifent§l €0
hensive approach not only improves the technical readiness of energy projectsfi
adherence to high standards of environmental sustainability, whic Titj

management. Thus, the exploration of these processes is inherep
able and efficient energy strategy for the Caspian region. The
analysis and refinement of directional drilling processes for exp &y wells in the Caspian Sea offshore area
in Turkmenistan. Key considerations include not only al of ®nhancing hydrocarbon extraction but also
maintaining a balanced focus on the environmental as Iﬂ)duction. The research results confirmed the
effectiveness of new methods that support increase%)bc on production, reduce time costs, and minimize

nd successfully imple-
1derations. This compre-
e region but also supports
component of modern energy
ted with the formation of a sustain-

(s fgCus centers on the need for effective

\

adverse environmental impacts. This study highlightS@ot only the importance of modern technological solu-

tions in the energy sector but also their subgantial co ution to the region’s sustainable development and
energy security. The practical significance of tudy lies in providing innovative solutions to improve direc-
tional drilling processes for exploratory well Caspian Sea offshore area of Turkmenistan.
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AHHOTauus

B YCIIOBUSAX 6bICTpO MEHHIOHLGVICH BHEDFETI/I‘IECKOI;'I cuTyauumn Ba)KHOM 38,[[3‘18]7[ CTAaHOBUTCS He TOJIBKO OOCTU-
SKeHMe SKOHOMMYEeCKOo BBITOObI, HO N obecrieyeHye BHBPFQTMHGCKOﬁ CTabUILHOCTY B permoHe m Ha MMPOBOM
pBIHKe 3Hepropecypcos. Lle/ibio MpoBeIeHHOT0 UCCAeN0BaHMS SIBJISVIOCh COBEPIIEHCTBOBaHMe MPOIeCcCOB Ha-
KJIOHHO-HAITpaB/IEHHOTO OypeHMsT pa3BeJOYHbBIX CKBaXKMH B akBaTopum Kacmmiickoro Mmopst B TypKMeHMCTaHe
TSI TIOBbIIIeHMS 9)PEKTUBHOCTY U CHYKEHMS HETaTVBHOTO BO3/IEMCTBMS Ha OKpY»Kaollyio cperny. Cpenu mc-
IIOJIb30BAHHbBIX METOA OB ClieayeT OTMETUTb aHAJIUTUYECKUI MeTod, MEeTO, KJ'IaCCI/[(bI/IKaLU/II/I, (bYHKLU/[OHaHb-
HbI/i METO[I, CTATUCTUYECKMIT MeTO/I, METO[, CMHTe3a U Apyrue. B pamkax ucciefgoBaHus ObUT IIPOBEIEH aHa-
JIN3 IIPOLeCCOB HAK/IOHHO-HAIIPABJIE€HHOTO 6yp8HI/IH pa3BeadOUYHbIX CKBa>XMH B aKBATOPUUN Kacninitckoro MOps
B TyprmeHucTaHe. Bpiiu pa3paboTaHbl ¥ YCIEITHO BHEAPEHBI MHHOBAIIMOHHBIE TEXHOIOTMM, HaIIpaBI€HHbIE
Ha palMOHAIM3aLNI0 TPOU3BOICTBEHHBIX MPOIECCOB C YUYeTOM SKOJIOTMUECKUX acreKToB. Takoit KOMILIeKC-
HbIN II0AX0O HE TOJIbKO ITOBBIIIAET TEXHNYECKYIO TOTOBHOCTD S9HEPreTU4YeCKMX IPOEeKTOB B PErMoHe, HO TaKKe
COfIe/ICTBYeT COGJTIONEHMIO BHICOKMX CTaHIapTOB KOJOTMYECKONM YCTOWUMBOCTH, UTO SIBJISIETCSI BaSKHBIM 3J1€-
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MEHTOM B COBPeMEeHHOM SHepreTnyeckoM yrpasieHnn. Takum 06pa3oM, M3yyeHye 3TUX IPOLIeCCOB HEOTbeM-
JIEMO CBSI3aHO C (GOPMUPOBAHMEM YCTONUMBOI 1 3(DPEKTUBHOI SHEPreTUIECKOi cTpaTeruy ayist Kacmuiickoro
peruoHa. IIpo6ieMaTrKa JAaHHOTO UCCIeNOBaHMS COCPEOTOUEHA HA HeO6XoAUMMOCTH 3PGEKTUBHOTO U3yUe-
HUSI M COBEPIIIEHCTBOBAHMS MPOIIECCOB HAKIOHHO-HAIIPABIEHHOTO OYpeHMsT pa3BeJOYHbIX CKBAKMH B aKBa-
topuu Kacruiickoro mopst B TypkmeHucTaHe. OCHOBHBIE aCIeKThI BKITIOYAKOT B ce6sT HE TOMBKO CTpPeMJIeHME
K TIOBBILIEHUIO TOOBIYM YIJIEBOAOPOIOB, HO U COAIAaHCMPOBAHHOE BHUMAaHME K 9KOJIOTMYECKMUM acIleKTaM Mpo-
U3BOICTBA. Pe3ynbTaThl MccieqoBaHms NOATBEPAUIN 3(D(PEKTUBHOCTh HOBBIX METOOB, CITOCOOCTBYIOIINX YBe-
JIMYEHUIO J0OBIYM YIVIEBOLOPOAOB, COKPAIEHMIO BpEMEHHBIX 3aTPaT U CHIKEHMIO HETATUBHOTO BO3JEICTBUS
Ha IPUPOLHYIO Cpeny. DTO UCCIef0BaHye IIOJUepKMBAeT He TONbKO Ba)KHOCTb COBPEMEHHBIX TEXHOJIOrnye-
CKMX pellleHNI1 B SHEPTreTUUeCKOi OTPaciN, HO U UX CYILeCTBEHHBII BKIAJ, B YCTOUMBOE pa3BUTHE PETMOHA U
obecrieyeHre IHepreTMIECcKoi 6e3omacHOCTH. [[pakTMUecKoe 3HaUeHMe JaHHOTO MCCIeN0BaHMs 3aKII0UaeTCs
B MPefOCTaBlIeHMM MHHOBALUMOHHBIX PellleHMi sl COBepLIeHCTBOBAHMS MPOLeCCOB HAKIOHHO-HAIIPaBIeH-
HOTO0 OypeHMsI pa3BeIOUYHbIX CKBaKMH B akBaTopuy Kacriuiickoro mopst B TypKMeHMCTaHe.

KnioueBble cnoBa

JHepreTuyeckas 6e30macHOCTh, OypeHne, 3hGEeKTUBHOCTD, pa3BeAKa, MHHOBAIMOHHAS TEXHOIOTHUS, CKBAKM-

Ha, MOpcKas cpena, Kacrimit
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Introduction

The study of directional and inclined drilling
processes for exploratory wells in the Caspian Sea
offshore area of Turkmenistan is an essential com-
ponent of strategic planning in the energy sector.
This research gains critical importance in light of the
constant changes within the energy industry and the
need to ensure stable supply of energy resources. The
development of innovative technologies and stream-
lining of drilling processes contributes to incréa
hydrocarbon extraction efficiency and reduced Q
vironmental impact. Understanding these m

provides economic benefits and plays a k en-
suring the region’s energy security an &V in the
global energy market amid a consta ?&ting ener-
gy paradigm. This comprehensiv; @ach enhances
the technical readiness of en ects in the re-
gion and supports compliafie wig high standards of
environmental sustaina ,Which is a vital element
of modern ener r@ent. Consequently, the
study of these pt inherently linked to sha-
ping a sustainable a¥p effective energy strategy for
the Caspian region.

In [1], the application of innovative methods in
directional and inclined drilling to improve hydrocar-
bon extraction efficiency in the Caspian Sea offshore
area is emphasized. However, this study does not ad-
dress the development of integrated management
systems that could ensure long-term sustainability in
oil and gas operations.

The research in [2] considers the development of
sustainable directional drilling methods with an em-
phasis on environmental aspects; however, the work
does not give due attention to the environmental con-
siderations and possible impacts of these methods on
the marine environment.

Study [3] hjelli
methods to asse

the of using analytical
mpact of drilling on marine

biodiversityghut d not consider classification
methods t u® help adapt to geological chan-
ges an cejtisks.

In e author points out the progressive na-

f synthesis methods in directional drilling (DD),

enhances hydrocarbon extraction. However,

he cdalculations for directional well drilling with dual
pletion are not presented in detail.

Study [5] emphasizes the need for classification
methods for effective management of directional
drilling processes but does not consider the long-term
effects of synthetic approaches and their impact on
the marine ecosystem.

Article [6] raises a key question about the effec-
tiveness of statistical methods in analyzing the per-
formance of directional drilling conducted within the
analytical approach framework. The study does not
delve into issues regarding the social acceptability
of statistical methods and their influence on public
opinion.

Materials and methods

The analytical method provided a deeper under-
standing of the complex interconnections and dyna-
mics in the directional and inclined drilling processes
for exploratory wells in the Caspian Sea offshore area.
This method helped identify the factors affecting
drilling efficiency and facilitated a systematic review
of data, significantly enriching knowledge about the
physical and geological parameters influencing the
success of hydrocarbon extraction operations.

The statistical method was employed to identify
key patterns and trends characterizing the directional
drilling processes in exploratory wells in the Caspian
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Sea offshore area. This method allowed for the ana-
lysis of large volumes of data gathered during well op-
erations and highlighted statistically significant pa-
rameters affecting drilling efficiency. The statistical
method also enabled an assessment of the reliability
and predictability of drilling results, a critical factor in
decision-making within the energy industry. The sta-
tistical data obtained on overall drilling efficiency, time
expenditures, and other parameters served as a funda-
mental basis for further refining strategies and tactics
used in the drilling processes in this offshore area.

The functional method helped establish the pri-
mary functional relationships between various pa-
rameters and processes associated with directional
drilling of exploratory wells in the Caspian Sea off-
shore area. This method revealed the influence of
different variables on overall drilling efficiency, iden-
tified optimal parameter values, and determined key
factors affecting the success of hydrocarbon extrac-
tion operations.

The deductive method allowed for logical conclu-

exploratory wells in the Caspian Sea offshore area:

By applying this method, it was possible to unggver
causal relationships among various drilling a;%
egfho

sions regarding the directional drilling processes for \

define the main principles and laws underlyi

tive technologies. Thus, using the deductivi
enriched the understanding of the pri 1eS®Bover-
ning and managing directional drillin€ pro®Sses.

The application of the synthe®g od led to
the development of innovatiy, l@ms and tech-
nologies aimed at streamlj '@e directional drill-
ing processes for explora s in the Caspian Sea
offshore area. This me acilitated the systematic
f@ ) onents and variables to
N cBTes that combined technical
efficiency with envfonmental considerations. The
synthetic method enabled the incorporation of ad-
vanced technologies while accounting for numerous
variables influencing drilling processes. The inno-
vations developed through synthesis contribute not
only to increased productivity but also to reduced
environmental impact on the marine ecosystem. The
resulting solutions represent a comprehensive set of
measures, including technical enhancements, risk
management, and adherence to high standards of en-
vironmental sustainability. Consequently, the synthe-
sis method proved to be an essential tool for creating
comprehensive and innovative approaches to opti-
mizing drilling in this offshore area.

The classification method facilitated the organi-
zation of various geological formations and conditions
that affect directional drilling processes for explorato-
ry wells in the Caspian Sea offshore area. Applying this
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method enabled the identification of characteristics and
features of different drilling zones, significantly sim-
plifying the adaptation of drilling strategies to diverse
geological conditions. The classification method also
contributed to establishing a system for determining
effective drilling parameters based on specific geologi-
cal characteristics. This allowed for improved precision
and efficiency in drilling processes, reduced potential
risks, and enhanced overall efficiency. The classifica-
tion results serve as a foundation for developing more
precise and adaptive strategiesg0r directional drilling in

the Caspian Sea offshore 21 i menistan.
u

In recent d bal exploration and pro-
duction activityin 1l and gas sector has been
steadily i sing i¥ith countries located near re-
source-ri iof®s playing a key role in this pro-
cess. enfistan, strategically positioned along
the sht f the Caspian Sea, is one such country.
ti drilling of exploratory wells in the waters
s unique inland sea presents complex enginee-
ring’and environmental challenges but also opens up
oad energy prospects for the country [7].

One of the key aspects of drilling in the Caspian
Sea is the use of directional well technology. This in-
novative approach enables drillers to extract hydrocar-
bons from multiple points within an underwater field,
maximizing efficiency and increasing production vo-
lumes. With its vast natural resources, Turkmenistan
aims to leverage advanced technology to efficiently
exploit and maximize the potential of its fields.

However, despite the opportunities associated
with directional exploratory drilling in the Caspian
Sea, challenges also exist. Environmental concerns
are paramount, as even the most advanced techno-
logies can pose risks to the marine ecosystem. Dis-
charges of drilling fluids, vapor emissions, and poten-
tial accidents may have serious consequences for the
environment and the health of local communities [8].

Therefore, countries conducting drilling activi-
ties in the Caspian Sea must strictly adhere to inter-
national safety and environmental standards. The de-
velopment and implementation of integrated control
systems, continuous environmental monitoring, and
active collaboration with research institutions are
essential components of sustainable development in
this sector [9].

A primary objective for Turkmenistan’s oil and
gas industry is to increase hydrocarbon reserves.
President of Turkmenistan Serdar Berdymukhame-
dov underscores the importance of boosting hydro-
carbon production in the oil and gas sector, conside-
ring it a vital factor for ensuring the country’s stability
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and economic independence. At the current stage of
oil industry development, with advancements in dril-
ling technology, new drilling equipment, and chemi-
cal agents, previously unknown methods and types of
well construction are now feasible [10].

Traditionally, all exploratory wells were drilled
vertically, but there is now justification for alte-
ring this standard practice. Experience gained from
constructing the H1 horizontal directional well at
the Northern Goturdepe field in collaboration with
Schlumberger demonstrates the feasibility of explo-
ratory drilling with horizontal directional wells in the
shallow waters of the Caspian Sea. Drilling wells in
various directions from existing artificial islands sig-
nificantly reduces field exploration costs, as noted in
the study [11]. At Turkmenistan’s Goturdepe Drilling
Operations Department, the first successful expe-
rience with horizontal directional drilling has been
achieved. Specialists from Goturdepe and Schlum-
berger drilled the inclined directional well H2 at the
Northern Goturdepe field, deviated from the vertical
at a depth exceeding 1000 m. Drilling reached 3000 m
using local resources, with the directional segment
drilled with Schlumberger’s specialized equipment.

The well successfully reached the planned depth
of 4850 m (measured depth). The drilling process to
a depth of 3000 m conformed to the technical project
and was similar to methods used in other wells iMghe
country. The Kick-off point for directional drij
was set at 3000 m to achieve a zenith angle jug
azimuth of 270°. The planned parametegsj
zenith angle of 45°, a maximum build r,
30 m, and a well deviation of 1046.58

Before beginning the dire

section at
3000 m, the previous water-b was replaced
with a hydrocarbon-based ﬁtem called Versa-
drill. This hydrocarbon- & ulation, developed
with specialized c i ditives, contains up to
80% hydrocarbo o water. The primary ad-
vantage of such m js their high resistance to wa-
ter, which results in the formation of thin and flexible
mud cakes [12]. This also preserves the natural reser-
voir properties of the productive section, significantly
reducing clay dispersion in the mud, along with other
beneficial characteristics.

The use of hydrocarbon-based muds can pre-
sent challenges for well cementing with cement slur-
ries [13]. This issue arises when cement mixes with
hydrocarbon-based muds, leading to coagulation,
which increases the mixture’s fluidity and compac-
tion. To prevent such issues, the Nebitgazylmytasla-
ma Institute developed a special hydrocarbon-based
spacer fluid successfully used in drilling the H2 well
at Northern Goturdepe.
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https://mst.misis.ru/

During the drilling of this well, systematic ge-
ological and technical testing was conducted using
the new GTL Station, “Geotest-5”. The “Geotest-5”
device automatically collects, processes, and visua-
lizes geological, geochemical, and technical data re-
lated to the drilling process [14]. This tool monitors
drilling parameters, assesses overall drilling condi-
tions, identifies reservoir sections, and determines
their saturation levels, helping to prevent potential
complications and accidents.

The station comprises three main modules:
technological, gas logging, and geological [15]. The
technological module manages the drilling process
in real time, ensuring efficiegt and accurate con-
trol over drilling operation gas logging mo-

dule records overall gas t&nt¥nd analyzes the
gas mixture compositj % g a critical role in
assessing the safety iency of the process.
The geological nducts real-time analy-
sis of core samp%l cuttings, mud, and forma-
tion fluids vidingValuable information to assess
geologi %C&ristics and well material com-
positi .
Fig? ows a segment of a chart reflecting
%c]@ological parameters during the curvature
up phase in the drilling process, while Fig. 2
resénts a fragment of the straight interval of the
clined section of the well.

Drilling at a depth of 3000 m was conducted
using the following equipment: a downhole motor
with a diameter of 295.3 mm, model ASOOM 4553
HR-8.92 m; followed by a 269 mm non-magnetic spi-
ral-blade stabilizer (SBS); then a crossover sub with
a check valve, 206 mm in diameter, and a 204 mm
weighted drill pipe (WDP) measuring 8.93 m. Next,
the “Telescope-825NF” telemetry system was in-
stalled at 8.06 m, followed by another weighted
drill pipe with a diameter of 203 mm and a length
of 37.15 m, a hydraulic jar measuring 10.07 m, an-
other weighted drill pipe with a diameter of 203 mm
and a length of 9.19 m, a crossover sub, an additional
crossover sub, and a weighted drill pipe with a dia-
meter of 172 mm measuring 9.34 m. This assembly was
completed with drill pipes running to the wellhead.

To maintain the specified build rate of the zenith
angle during angle build-up, the following meth-
od was applied: drilling was conducted to a depth of
4-5 m at a specific azimuth with the rotary locked to
achieve angle build-up, followed by drilling an addi-
tional 4-5 m with rotary motion and a bottom-hole
assembly (BHA) configuration to stabilize the zenith
angle. This process is illustrated in Column 3 of Fig. 1
by curves showing the rotary speed and the position
of the hoisting block.
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D 0 Hook load, tons 1500 ROP1 (Rate of Penetration 1), min/m 150]0 Position of the hoisting block, m 150]0 Inlet pressure, atm 230]0 Outlet mud density, g/em* 5
168 1136 160 1120 120 140 192 1184 12 14
E |0 Weight on bit, tons 2010 Ve M /1 6010 Torque, KN-m 50]0 Drilling fluid flow rate at inlet, L/s 70|0 Outlet temperature, °C 100
18 116 124 148 120 140 126 136 140 180
P 0 Rotary speed, rpm 60 0 Total gas comer&tﬁchromatographicU (:/0 0.5
| 24 148 1 104
T
H 1 2 3 4 5
3000
VB-
X
3040
3080
3120
o
3160
o
3200
Fig. 1. Well deepening parameters guring c ure build-up [compiled by the author]
D [0 Hook load, tons 150 |0 ROP1 (Rate of Penetration 1), min/m of the hoisting block,m 150]0 Inlet pressure, atm 300]0 Outlet mud density, g/cm® 5
160 1120 60 11 120 140 192 1184 12 14
E |0 Weight on bit, tons 2010 Ve m/hr Torque, KN-m 50| 0 Drilling fluid flow rate at inlet, L/s 70|0 Outlet temperature, °C 100
lX llé '14 48 l 20 |4U "_76 '36 lAU lKO
P 0 Rotary speed, rpm 140 0 Total gas content, chromatogTaphig7 % 1
24 148 102 10+
T
H i ‘br 3 5
4600

—%MMH_/VN—NWHI————J‘—‘——J-*N"\-.___ T~ N~

4
4640
4680
4720
4760
4800
4840
]

Fig. 2. Well deepening parameters in the straight inclined section [compiled by the author]
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The technological parameters of well deepening
in the straight inclined section were optimized using
continuous rotary motion and an appropriate confi-
guration of the bottom-hole assembly (see Fig. 2). The
stability of the wellbore trajectory was maintained b
adjusting the stabilizer positions in the drill stri
and alternating between PDC bits and roller-coge bits
in the straight section of the well.

At a measured depth of 4450 m, a 244.5 -
sing was successfully run and secured in th@e. is
process was conducted in two stages. Ipfers n the
well reached the planned depth, a dg®si as made
to continue deepening it for a m led study of
the productive NK3 horizon he well depth

was extended to 4865 m, af] h¥®h a 139.7 mm pro-
duction casing was insta&

During the drilliﬂ ell X2 at the Northern
Goturdepe fiel ihum bottomhole deviation
reached 1167.4 agnetic azimuth of 266.15°,
and the maximum $€nith angle at a depth of 4440 m
was 53.46°. The changes in the vertical profile and ze-
nith angle of the well are illustrated in Fig. 3. Produc-
tion from the first reservoir (NK3) yielded a maximum
flow rate of 80 tons per day. The results of the analy-
sis of this product, conducted in the oil, gas, and rock
geochemistry laboratory at the Nebitgazylmytaslama
Institute, are presented in Table 1.

The well construction chart shown in Fig. 4 high-
lights opportunities to increase drilling speed for

this type of well. One of the key factors impacting
drilling efficiency and productivity is the reduction

of prep @me for drilling the inclined sec-
tion /1§ e current chart context, it is evident
thatme spent preparing for inclined drilling
beWinimized. This is a critical observation, as
Qe%fﬁcient and faster preparation for drilling
th¢ inclined section will reduce delays and improve
verall drilling productivity.

This aspect holds strategic significance, as in-
creasing drilling speed leads to faster hydrocarbon
extraction, which, in turn, enhances economic effi-
ciency and provides a quicker return on investment.
Such prospects reflect the industry’s commitment to
continuously advancing technologies and processes
to optimize production and ensure long-term sus-
tainability.

Table 1
0il analysis from well X2 at the Northern Goturdepe
field [compiled by the author]

Interval (measured depth), m 4820-4830 | 4832-4844
Horizon NK
Water content, % 47.0 30.5
Oil density, g/cm? 0.8545 0.8560
Pour point, °C +4 +4
20°C 11,4 11,5
Viscosity, Pa-s
50°C 5,0 51
Conclusion Liquid hycl.rocarl?on fluid -
light oil
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Fig. 4. Timeline diagram of well X2 constructio

The commercial productivity of the e-
fined by an average drilling speed per
month, with fully effective drillinggt at 100%.
The time distribution among mai rations is as
follows: 27.3% allocated to dri .2% to tripping
operations, 18.06% to casiygl p sses, and 35% to
auxiliary tasks. These riC@are crucial for asses-
sing the overall efficigfpy e drilling process and
provide insigh 0 ime expenditures for each

irectional drilling of explorato-
ry wells in the Caspian Sea offshore area represents
a complex yet promising path for a country aiming to
utilize its natural resources with maximum efficiency.
It is essential to strike a balance between economic
gains and responsible environmental stewardship
to ensure sustainable development and preserve the
unique natural environment of this region.

Discussion of the results
Directional drilling of exploratory wells in the
Caspian Sea offshore area in Turkmenistan presents
both opportunities and challenges. This process holds
significant strategic importance for Turkmenistan,
which aims to maximize its hydrocarbon extraction
potential.
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Turkmenistan has substantial oil and gas reserves
in the Caspian Sea offshore area. Directional drilling
offers a unique opportunity for efficient extraction
of these resources. This technology allows for hydro-
carbon production from various points within fields,
thereby increasing overall output and strengthening
the country’s energy security.

The use of directional exploratory wells requires
advanced technologies and engineering solutions.
Implementing modern drilling and geological explo-
ration methods can significantly improve extraction
efficiency and precision. Such innovations not only
increase production volumes but also help to reduce
the environmental impact.

Serious attention must be given to the environ-
mental and social aspects of offshore drilling in the
Caspian Sea. Discharges and emissions can adverse-
ly affect the marine ecosystem as well as the health
of local communities. Therefore, strict adherence to
international standards, the development and de-
ployment of environmentally friendly technologies,
and public engagement are key elements of a sus-
tainable approach to hydrocarbon exploration and
production.

The success of drilling in the Caspian Sea off-
shore area also depends on geopolitical factors.
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Turkmenistan must engage in dialogue and coopera-
tion with neighboring countries that have vested in-
terests in the region. Effective resource management
and the resolution of boundary issues contribute
to stability and increased investment in the energy
sector.

Overall, directional drilling of exploratory wells
in the Caspian Sea offshore area in Turkmenistan
represents a complex task that requires an integrated
approach, balancing interests and considering envi-
ronmental and social factors. Project implementation
that takes these aspects into account can become
a key component of sustainable development in the
country’s energy sector

According to recent studies by T. Eren, direction-
al drilling positioning calculations play a crucial role
in ensuring the accuracy and efficiency of this tech-
nological process. The primary goal of these calcula-
tions is to precisely determine the well’s coordinates
at various depths, allowing engineers and drilling
specialists to effectively adjust the drilling direction
and angle to meet specific objectives. In directional
drilling, tools such as gyroscopes and accelerometers
are used to determine the position and angle of the
well relative to the vertical axis. This data is then
subjected to complex mathematical calculations
involving trigonometry and geometry to determin
the precise well coordinates at each stage of,dril-
ling. Accurate positioning calculations not on -
hance hydrocarbon recovery but also reduce t

of potential issues, such as cross-drilling im -
f

boring wells or deviating from the tar ion.

This is especially important in co ological
structures or offshore environme "@

These findings align with %ints discussed
in the previous section. Posion®® calculations in
directional drilling are arigteal part of the tech-
nology, ensuring pro&;@a racy and efficiency.
Modern method ologies in this field con-
tribute to the rat ion of hydrocarbon extrac-
tion and support s§tainable exploration and field
development.

According to Fang Peng, the study of key tech-
nologies for intelligent directional drilling equip-
ment is a critical aspect in the development of the
oil and gas industry. These technologies aim to im-
prove drilling processes, increase accuracy and effi-
ciency, and reduce the risks associated with hydro-
carbon extraction. One of the key elements is the
use of advanced navigation and control systems, in-
cluding integrated gyroscopes, accelerometers, and
geomagnetic sensors. Intelligent equipment enables
real-time monitoring of drilling parameters such as
inclination angle, direction, and well depth. Data
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processing algorithms based on artificial intelligence
(AI) allow for the prediction and prevention of po-
tential issues, significantly enhancing drilling safety
and productivity. The application of Al technologies
also involves automating decision-making process-
es based on collected data. This enables operators to
quickly respond to changing conditions and adjust
drilling parameters in real-time, improving perfor-
mance. Such systems also minimize human involve-
ment in the drilling process, which reduces the risk
of accidents and errors [19].

It is worth noting that research on these techno-
logies is directed toward creating sustainable, intel-
ligent drilling systems capable of adapting to various
geological conditions. Thesgg@innovations open up
new prospects in hydrocarb loration and pro-
duction, enhancing effigfergy agg reducing environ-
mental impact.

Researcher
Boltzmann anndgl1
represents an inno
of directij N 1
ty durg

fied that the modified
rential evolution algorithm
ve approach to the inversion
ng measurements for resistivi-
g. Log data inversion is a key tool in
search, providing information on rock
ell characteristics, and the surrounding
ofnent. The differential evolution algorithm
compined with the Boltzmann annealing method
fers an efficient rationalization method, allowing
researchers to determine preferred rock resistivity
values in real-time. The algorithm modification is de-
signed to improve its convergence and stability under
complex drilling conditions, making it especially use-
ful in oil and gas exploration [20].

This perspective aligns with the view that app-
lying the algorithm to directional logging data ena-
bles a more accurate reconstruction of rock resistivity
at various well depths. This is crucial for determin-
ing rock composition, identifying economically viable
zones, and optimizing hydrocarbon production pro-
cesses. Such innovative inversion methods signifi-
cantly enhance the accuracy and informativeness of
data obtained in real-time during drilling.

Research conducted by D. Cao has demonstrated
that the development and application of real-time
deep learning models represent significant progress
in enhancing the efficiency of directional drilling. This
innovative technology relies on neural networks to
analyze data collected during drilling and to make de-
cisions based on that analysis. Deep learning enables
the creation of complex models capable of automati-
cally extracting high-level features from multidimen-
sional data, such as drilling parameters, geological
characteristics, and other factors. These models can
predict changes in well geology and prevent poten-

I
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tial issues in real-time. The application of real-time
deep learning models in directional drilling allows
for more precise control and adjustment of drilling
direction and angle. This leads to increased produc-
tivity, reduced drilling time, and decreased risks of
possible failures [21]. These findings support the pre-
vious research, as the development and application of
real-time deep learning models in directional drilling
present the oil and gas sector with opportunities to
improve processes, reduce costs, and enhance overall
efficiency.

As noted by B. Harris, numerical research on the
use of directional wells to extract geothermal energy
from abandoned oil and gas wells represents a pro-
mising approach that combines high efficiency and
sustainability in the renewable energy sector. Aban-
doned oil and gas wells provide a unique infrastruc-
ture that can be repurposed to extract geothermal
energy, giving these resources a second life. Nume-
rical modeling allows for the assessment of geother-
mal energy potential at various depths of abandoned
wells, taking into account the geothermal gradient

tional wells further enhances this process, allowin
for more efficient extraction of thermal ener
rock formations. This approach not only enab
reuse of outdated infrastructure but also

and other geological parameters. The use of direcN

om

duce dependency on traditiona
The analysis of the results s importance of
such studies, as they hel tify effective tech-

nologies and geologi eters for utilizing

mix, enhancing it
ronmental impact.

Researcher A. IThnatov determined that the deve-
lopment of optimized bottom-hole assemblies (BHAS)
for directional drilling is a crucial area in drilling en-
gineering, aimed at streamlining processes and in-
creasing hydrocarbon production efficiency. This
task requires a comprehensive approach, including
the study of geological features, consideration of well
requirements, and the application of advanced engi-
neering solutions. Rational BHAs for directional wells
incorporate enhanced drill bits, rotors, and other tools
designed specifically for the drilling conditions. Inno-
vative geometries and materials can improve wear
resistance, extend equipment life, and reduce mainte-
nance costs. An effective BHA configuration also ena-
bles more precise control of drilling direction, which is
critical for achieving target objectives in challenging

ainability, and reducing envi-
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geological conditions. Integrating advanced techno-
logies for drilling process automation and real-time
monitoring of wellbore parameters allows for imme-
diate responses to changes, enhancing accuracy and
predictability [23].

Thus, the development of optimized BHAs for
directional drilling not only contributes to stream-
lining technological processes but also enhances
productivity, reduces risks, and supports the sustai-
nable development of the oil and gas industry.

Conclu
rthern Goturdepe

1. The H1 and H2
successfully fulfilled_tMei in exploration and
prospecting activi ming the presence of
hydrocarbon r his part of the field with-
out the need fc%onal expenses or time to con-
struct a ializeff artificial drilling pad. The ex-
'llﬂlg a directional well with a curved

perience
bore t the Northern Goturdepe field in Turk-
meni nables the simplification and accelera-

o‘exploration and prospecting activities in the
ian Sea offshore area. Effective use of existing
artfficial pads has significantly reduced the finan-
ial costs of geological exploration at the Northern
Goturdepe field.

2. The drilling of directional wells in a field
lacking seismic exploration has expanded a signifi-
cant portion of the field within exploration and pros-
pecting operations. From an ecosystem protection
perspective in the Caspian Sea, the use of cluster dril-
ling of directional wells, with minimal creation of new
islands, is particularly important.

3. Directional drilling in the Caspian Sea ena-
bles the efficient extraction of hydrocarbons from
various points within fields, which is essential given
the complex geology. Streamlining drilling processes
with consideration for well orientation helps improve
overall productivity and reduce delays. This approach
not only increases energy resource production but
also supports operational sustainability and enhances
economic efficiency. The development of technolo-
gies, such as modern navigation and control systems,
complements the drilling process, ensuring accuracy
and safety.

4. Drilling in the Caspian Sea offshore area in
Turkmenistan is becoming an essential component
of the country's energy strategy, and the effective use
of directional exploratory wells reflects a continuous
commitment to innovation and technological im-
provement in the oil and gas industry.

5.1t is necessary to further study the environ-
mental impact and ecosystem effects of directional
drilling processes in the Caspian Sea offshore area in
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Turkmenistan to develop more ecologically sustaina-  Turkmenistan highlight the strategic importance of
ble and socially responsible approaches to energy re-  this approach for hydrocarbon production in the re-
source extraction. gion. Turkmenistan, with its vast oil and gas reserves,
6. The conclusions drawn from directional ex- is actively implementing innovative drilling methods

ploratory drilling in the Caspian Sea offshore area in ~ to maximize production efficiency.
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