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The exploration and extraction of hydrocarbons in regions characterized by unstable rock
formations pose significant challenges to the oil and gas industry as increasing operational costs,
safety hazards and environmental risks. This study focuses on advancing the technology of drilling
and repairing wells in conditions where geological instability complicates traditional drilling processes,
for example hole closure, collapse, fracturing etc. Moreover, it discusses all aspects of wellbore
instability in drilling, from causes and symptoms to prevention and its impact.

The importance of ongoing research and development initiatives to advance drilling fluid
technology suitable for unstable geological situations is also emphasized in the paper. In order to
reduce the risk of borehole instability and maximize drilling efficiency, it investigates the formulation
of high-performance drilling fluids with improved lubricity, filtration control, and shale inhibitory
qualities. A frequent issue is lost circulation. Drilling fluid leaks into the nearby rock formations from
the borehole cause this to happen. Numerous issues, like as decreased drilling efficiency, formation
damage, and potentially environmental contamination, can result from lost circulation.

The development of new technologies such as advancing drilling fluids, improving real-time
monitoring are essential for improving the efficiency and safety of drilling and workover of wells in
unstable rock formations.
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Paseelka u 00b6bi4a y2reeodopo0o8 8 peauoHax, Xxapakmepusywuxcsi HecmaburbHbIMU
20pHbIMU rTopodamu, co3darom cepbesHbie Mpobrembl Orisi Heghmeaa3o80U ompacsiu, MOCKOMbKY
y8enuqueaomces IKCrlyamayuoHHbIe pacxolbl, yepo3bl 6e30MacHOCMU U 9KO02U4eCKUe PUCKU.

B daHHom uccriedosaHuU OCHOBHOE BHUMAaHUE yOensiemcsi CO8epUIEHCMB08aHUI MEXHOO-
auu bypeHusi U peMOHMa CKBaXUH 8 yCriosusix, kozda eeoriosuyeckasi HecmabunbHOCMb OCTOX-
Hsiem mpaoduyuUOHHbIE NPOUECCHI BYpeHUSs], HarpuMmep, CMbIKaHUe cmeoria CK8axXuHbI, 0bpyLeHuUe,
mpewjuHogamocms u m.0. Kpome moeo, 8 HemM paccmMampuearomcsi 8ce acrekmsl HecmabusibHo-
cmu cmeorna CKeaXUHbI npu 6ypeHuu, om npUYuH U CUMIMOMbI, Mpoghunakmuka u ee enusiHue.

B cmambe makxxe nod4yepkusaemcsi 8aXKHOCMb MeKyUUX UHUyuamus e obracmu uccre-
dosaHul u paspabomok 0515 Mpod8UXKeHUSI MexHo10auu 6ypoasbix pacmaeopos, nooxoosiuwux Ons
HecmaburbHbIX 2e0102udeckux cumyayuti. Ymobbl CHU3UMB puck HeCmMabunbHOCMU CK8aXUHbI
U Makcumusuposams s¢chgpekmusHocmb bypeHusi, KomnaHusi uccriedyem cocmaesbl 8bICOKOIh-
pekmusHbIx 6yposbix pacmeopos C yiy4UeHHbIMU CMa3sblgaroujuMu ceolicmeamu, KOHMPOoIem
unbmpayuu u uHeubupyrwuUMU efuHUcmsble ceolticmea. Yacmasi npobriema — nomepsi UUPKYIsi-
yuu. MpuyuHol smoeo sienisiemcsi ymeydka 6ypoeo2o pacmeopa 8 bruanexaujue eopHble nopodbi
U3 CcKkeaxuHbl. [lomepsi YUPKYIsayuUu Moxem rnpusecmu K MHO204UCIEHHbIM npobriemaM, makum
Kak CHUXeHue aghghekmusHocmu bypeHusi, mospexoeHue nnacma u rnomeHyuanbHOe 3a2psi3He-
Hue okpyaroweli cpeodbl.

Pa3pabomka HO8bIX mexHomo2ul, makux Kak npoosuxeHue bypoabix pacmeopos, yry4lieHue
MOHUMOPUHea 8 pearbHOM 8peMeHU, He0bX00uMbI 07151 N08bILUEHUST ghchekmusHocmu u 6e30-
rnacHocmu 6ypeHusi U PEMOHMA CK8AXXUH 8 HecmabusibHbIX 20PHbIX Mopodax.

KITOYEBBIE CJIOBA: 6ypeHue, HecmabusbHbIU riiacm, yCrioeusi Heycmould4ueocmu cmeo-
J1a cKkeaXKUHbI, Bypoesoll pacmeop.
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Typakcbi3 may XbIHbicmapbiHbIH My3iniMOepiMeH cunammanamsiH atimakmapda Kemipcymex-
mepdi 6apnay xxoeHe eHOIpy onepayusnbiK WhifbiHOapObIH ©cyiHe, Kayinci30ik KayinmepiHe XoHe
3KoroeusinibIKk mayekendepee balnaHbiCmbl MyHal XeHe 2a3 eHepKacibiHe eneyri KubIHObIKmap
myrbi3adbl. Byn 3epmmey 2eonoausinbik mypakcbi30bik dacmypri Oyprbinay npoyecmepiH KUbiH-
OamambliH xardalinapda byprbinay xoHe eHOey MexHOI02UsChIH XakKcapmyra barbimmarifaH,
Mbicaribl, YHFbIMaHbIH Xabbirybl, OrbIpbiIybl, Xapbliybl XeHe m.6.

byraH Koca, on byprbinay KesiHOe YHfFbiMa OKMaHbIHbIH Mypakchbi30bifbiHbIH 6apribIK acnek-
minepiH, cebenmepi MeH benzinepiH, andblH any XeHe OHbIH 8CepiH Kammuohbi.
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CoHOal-ak makanada mypakcbi3 2e0ro2usifibiK xardalnapra Konalnbl Oyprbinay CylUbIKmbifbl
MmexHOs02uUsIChIH inaepinemy 6oUblHWa XYpai3inin xamkaH fbiflbIMU-3€pPMMey XoHe MaXipu-
benik-koHcmpykmopriblK 6acmamanapObiH MaHbI30bibIFbl amar emineeH. YHrbiMaHblH mypak-
CbI30bIfbl KayriH asalimy xoHe byprbinay muimoiniaiH apmmbIpy yWiH o1 XakKcapmbiiraH mad-
nay, cy3y bakbinaybl XXeHe makmamacmapObl mexey Kkacuemmepi 6ap XoFapbl eHiMOI 6yprbliay
epimiHdinepiHiH chopmynacsiH 3epmmetioi. XKui kea0ecemiH mMacene - KaH aliHarbIMbIHbIH XOfasybl.
Byprbinay cylblKkmbifbIHbIH YHFbIMaOaH XaKbiH Xepdeai may XbiHbICmapbiHa arblr Kemyi MyHbIH
OpbIH anybiHa akenedi. byprbinay muimdiniciHiH memeHoeyi, kKabammbiH 3aKbiMOarybl XoHe Kop-
waraH opmaHbiH bIKmumMas 1acmasybl CUSIKMbl Kermea2eH macenesnep alHanbIMHbIH XOofanybiHaH
mybIHOaybl MyMKIH.

Byprbinay cylibikmbifbiH bIHManaHobIpy XoHe Hakmbl yakbimmarbi MOHUMOPUHaMI XakKcapmy
CUSIKMbI XXaHa mexHonoausinapObl daMbimy mypakchi3 may XbiHbicmapbl my3inimoepiHoe 6yprbi-
nay MmeH eHOeyOiH muimdiniei MeH KayinciddiaiH apmmbIpy YWiH Kaxem.

TYWIH CO3LEP: 6yprbinay, mypakchi3 Kabam, yHFbIMaHbIH MypaKchi30biFbl xardatinapbl, Gyprbi-
ray epimiHoici.

and often precarious endeavor. The unpredictable nature of these environments

can lead to a multitude of challenges, including borehole collapse, lost circulation,
and stuck tools. These challenges can not only hinder the success of drilling and workover
operations but can also pose significant safety risks to personnel and the environment.

In recent years, there has been a growing emphasis on developing and implementing
new technologies to improve the efficiency and safety of drilling and wells workover in
unstable rocks as lost circulation, stuck tools, collapse, fracturing [1,2]. The goal of this
review article is to give a thorough summary of the state of the art in this topic right now.
We will discuss the various challenges associated with drilling and repairing wells in
unstable formations, as well as the latest technologies and techniques that are being used
to address these challenges.

Unstable rock formations can be found in a variety of geological settings, including
shale formations, salt caverns, and permafrost regions. These formations are often
characterized by weak and unconsolidated rocks, as well as the presence of faults, fractures,
and other geological features that can further compromise stability.

The challenges of drilling and wells workover in unstable formations are manifold.
One of the most common problems is borehole collapse (geological and technical). When
the rock surrounding the borehole is unable to support its own weight, it can cave in,
blocking the wellbore and making it impossible to continue drilling or workover operations.

Another common challenge is lost circulation. This occurs when drilling fluids leak
out of the borehole into the surrounding rock formations. Lost circulation can lead to
several problems, including reduced drilling efficiency, formation damage, and even
environmental contamination.

Stuck tools are another major challenge associated with drilling in unstable formations.
When tools become stuck in the borehole, it can be extremely difficult and expensive to
retrieve them. In some cases, it may even be necessary to abandon the well altogether.

Methods and materials. Predicting unstable formations involves a combination of
geological analysis, wellbore data interpretation, and predictive modeling techniques.
Geologists examine rock samples and core data to assess lithological properties, structural

ntroduction. Drilling and well workover in unstable rock formations is a complex
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features, and depositional environments. Additionally, geophysical surveys, such as seismic
imaging and logging, provide insights into subsurface geology and potential hazards.
Advanced computational models, including finite element analysis and geomechanical
simulations, enable engineers to predict formation stability and anticipate potential
challenges during drilling operations. Moreover, we have to detect problems during
drilling operations, it requires continuous monitoring and analysis of drilling parameters,
wellbore conditions, and equipment performance. Anomalies such as sudden changes in
drilling rate, excessive torque or drag, unexpected pressure fluctuations, and abnormal
gas or fluid influxes may indicate potential drilling problems.

Causes of formation instability:

Numerous factors, such as hole pack off, excessive reaming, overpull, torque, and
drag, can indicate wellbore instability. In certain cases, this can result in trapped tubing
that may need side tracking and plugging. Because of this, drilling a hole takes longer,
which raises the price of reservoir development considerably. Hole loss is especially
significant in offshore areas since fewer holes can be drilled from a platform. Typically,
a series of events that can be loosely categorized as either controllable or uncontrollable
(natural) in origin generate wellbore instability [3].

Table 1 - Reasons for instability in wellbore

Uncontrollable (Natural) factors Controllable Factors
Naturally Fractured or Faulted Formations Bottom Hole Pressure (Mud Density)
Tectonically Stressed Formations Well inclination and Azimuth
High In-situ stresses Transient Pore Pressures
Mobile Formations Physico/chemical Rock - Fluid properties
Unconsolidated formations Drill String Vibrations
Naturally Over-Pressured Shale Collapse’ Erosion
Induced Over-Pressured Shale Collapse Temperature

Principles of formation instability. At a given depth, the in-situ rock stresses
(effective overburden stress) and the effective horizontal confining stresses are in balance
prior to drilling. Nevertheless, during the drilling operation, the balance between the in-situ
stresses and the rock strength is disturbed. Furthermore, the introduction of foreign fluids
triggers a process of interaction between the fluids in the borehole and the formation. A
possible hole-instability issue arises as a result [4]. Several borehole-stability simulation
models have been developed because of extensive research; however, they are all flawed
by the unpredictability of the input data required to do the analysis.

Formation instability prevention. Wellbore stability management requires the
application of wellbore stability analysis results to create and implement the optimal
drilling and completion strategy. The best practices include selecting a drilling fluid that
is compatible with the formation and has adequate hydrostatic and lubricating properties,
as well as minimizing fluid invasion, filtrate loss, or particle accumulation. Furthermore,
every facet of drilling activities, including hole cleaning, bit selection, drilling speed,
bit weight, and circulation rate, needs to be modified to align with the wellbore stability
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objectives and geomechanical conditions. The use of appropriate cementing, perforating,
gravel packing, fracturing, or acidizing procedures are some examples of completion
techniques that should be used to maintain or improve the wellbore stability and formation
integrity. Moreover, the possible influence of injection or production on wellbore stability
needs to be considered.

Because the rock can never be brought back to its original state, it is impractical to
completely prevent borehole instability [5]. Nonetheless, by following appropriate field
procedures, the drilling engineer can lessen the issues caused by borehole instabilities.

These practices include:

*Appropriate selection and upkeep of mud-weights

*Controlling the equivalent circulation density (ECD) with appropriate hydraulics

* Proper hole-trajectory selection

Use of borehole fluid compatible with the formation being drilled Additional field
practices that should be followed are:

*Cutting down on time spent in an open pit

*Making use of offset-well data (learning curve)

*Tracking variations in trends (drag, fill-in when tripping, torque, and circulating
pressure)

*Working together and sharing data.

Technological Innovations. Despite the challenges, there have been significant
advancements in the technology of drilling and repairing wells in unstable formations.
Some of the most promising new technologies include:

1. Advanced drilling fluids. New drilling fluids are being developed that are
specifically designed to improve borehole stability and prevent lost circulation. These
fluids can be tailored to the specific properties of the rock formation and can help to
mitigate the risks associated with drilling in unstable environments.

2. Casing and liner technologies. New casing and liner technologies are being
developed to provide additional support for the borehole and prevent collapse. These
technologies include expandable liners, slotted liners, and pre-packed liners.

3. Real-time monitoring and data acquisition. Real-time monitoring systems are
being used to track drilling progress and identify potential problems early on. This data
can be used to adjust the drilling program and to avoid costly mistakes.

4. Robotics and automation. Robotic and automated technologies are being used
to perform tasks that are too dangerous or difficult for humans to do. This can help to
improve safety and efficiency in drilling and repair operations in unstable formations [6].

The development of new technologies is essential for improving the efficiency and
safety of drilling and wells workover in unstable rock formations.

Discussion. While new technologies offer opportunities to address complex
challenges in drilling, it is important to assess their downsides and risks in order to make
informed decisions about their use. The development and implementation of new drilling
technologies often comes with significant expenses for research, development, testing,
and training. This can lead to substantial initial investments and increased operational
costs for companies. New technologies often require specialized knowledge and skills
for their use. This may mean that personnel need additional training or the hiring of
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specialists, which can result in additional costs and time delays. Some new technologies
may be limited in their effectiveness in certain geological conditions or types of wells. For
example, technologies developed for use in sandstone formations may be less effective
in carbonate or shale formations.

Conclusion. In conclusion, the oil and gas sector has made great strides thanks
to technological advancements in wellbore rehabilitation and drilling within unstable
geological formations. By enabling operators to overcome obstacles that were previously
insurmountable, these advances have improved productivity, security, and environmental
sustainability. It is imperative to acknowledge that there is always more work to be done
in this subject in order to achieve perfection. As technology advances and new problems
arise, teamwork, creativity, and a dedication to ongoing development will always be
crucial. By adhering to these guidelines, the sector may more skillfully negotiate the
intricacies of unstable formations and guarantee the ethical extraction of energy resources
for future generations. @
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