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AHHOTALISA

JloBenieHo, 10 CTa0LIBHICTh CTIHOK CBEPJUIOBUH € OJHUM 13 HalBa)KJIMBIIIUX
(dakTopiB, SAKI BIUIMBAIOTh Ha YyCHiX OypiHHA Ta BHJIOOYTOK Ha(pTH Ta Trasy.
[Tinkpecneno, Ilo3ydicTh — 11e TIporiec aedopmaiiii, mo BiAOYBAETHCSA 3 YaCOM i
J€I0 TIOCTIMHOTO HaBaHTaKEHHS. BoHa € OfHI€I0 3 OCHOBHUX MPUYUH OOBaJCHHS
CTIHOK CBEP/JIOBUH.

VY po6oTi pencTaBIeHO pe3yabTaTh JAOCTIKEHb MTOB3YYOCTI KOHCOJITOBAaHUX
3pa3KiB 31 LUIaMy Ta KEpHY, OTPUMAHHUX 3 POAOBHIL HapTH Ta razy B YKpaiHi.
JlocniayKeHHs IPOBOIUIIMCS 3 JOTIOMOTO0 CIIELIAIbHUX YCTAHOBOK, 110 JI03BOJISIFOTh
KOHTPOJIIOBAaTH JedhopmMallito 3pa3KiB y yacl.

[IpoBeneHO KPUTHUHUM aHaji3 Ta BUSBJICHO HENOJIKM CyYaCHUX Taly3eBUX
METOJMK OLIHKHM CTIMKOCTI TJIMHUCTUX Mopia. Ha OCHOBI OTpuUMaHUX pe3yJbTaTiB
pO3pO0JICHO METOJIMKY TMPOTHO3YBAaHHA CTIMKOCTI CTIHOK CBEpJJIOBUH  3a
pe3ynbTaTaMu aHajli3y pe3yJbTaTiB JIOCHIKEHb MOB3y4ocTi. Meronuka 103BOJIsIE
OLIIHUTH KWMOBIPHICTh OOBAJIEHHS CTIHOK CBEPAJIOBUH Y KOHKPETHHUX TI€OJIOTTYHHX
YMOBaX.

Po3po6iieHo Ta 3anponoHOBaHO BiATBOPIOBAHY METOAMKY JIJISi IPOTHO3YBaHHS
CTIMKOCTI CTIHOK CBEpIUIOBHHM 3a pPE3yJIbTaTaMH IMOB3Y4YOCTI IITYYHUX KEpHIB 31
[UlaMy Ta KEpHIB OOBaJbHUX TOPIJ y CepeloBHUIlll OypoBUX po3uuHiB. Pe3ynbratu
JTOCTITHO-TIPOMUCIIOBUX ~ POOIT TOKa3aM 3HIKEHHS TEPMIHIB  OyIIBHHUIITBA
CBEP/JIOBMH 32 PaXyHOK 3MEHIIIEHHS Yacy OypiHHS yCKJIAJHEHUX HECTIHKICTIO CTIH
CBEP/IJIOBUHU 1HTEPBAIIB.

BropoBamkeHHs MmeTony B YKpaiHi J03BOJUTh 3HU3UTH PU3UK OOBAJICHHS CTIHOK
CBEp/JIOBMH, IO TpU3BEJE 1O 3MCHIIEHHS BUTpAT Ha OypiHHA Ta BHUAOOYTOK,
30UTBIINTH Oe31eKy OypoBUX POOIT, MOKPAIIUTH SIKICTb OYpIHHS Ta BUAOOYTKY.

Kuro4oBi cjioBa: CTIMKICTh CTIHKM CBEpPJJIOBUHM, IITY4YHI KEPHH, MOB3YYICTh,

TJIMHUCTI TIOPOIU, OyPOB1 PO3YMHHU.



ABSTRACT

Wellbore wall stability is one of the most important factors affecting drilling
success and oil and gas production. Creep is a deformation process that occurs over
time under the influence of a constant load. It is one of the main causes of wellbore
wall collapse.

This paper presents the results of creep studies of consolidated samples from
mud and core obtained from oil and gas fields in Ukraine. The studies were carried out
using special installations that allow to control the deformation of samples in time.

A critical analysis was conducted and the shortcomings of current industry
methods for assessing the stability of clay rocks were identified. Based on the results
obtained, a methodology for predicting the stability of well walls based on the analysis
of creep test results was developed. The methodology allows to estimate the probability
of well wall collapse in specific geological conditions.

A reproducible method for predicting the stability of well walls based on the
results of creep of artificial cores from sludge and cores of rock caving in the
environment of drilling fluids has been developed and proposed. The results of the pilot
work showed a reduction in the time of well construction by reducing the drilling time
of intervals complicated by the instability of the well walls.

Implementation of the method in Ukraine will allow to reduce the risk of well
wall collapse, which will lead to a reduction in drilling and production costs, increase
drilling safety, and improve the quality of drilling and production.

Key words: borehole wall stability, artificial cores, creep, clay rocks, drilling
fluids.
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BCTYII

AKTyaJIbHICTh J0c/iIKkeHHs1. CBEepAJIOBUHU TSI BUAOOYTKY HapTH Ta rasy
gacTo oOBamor0Thesa. 1106 3amobirtu 1poMy, MOTPIOHO 3HATH, HACKUIBKHU MIIHI
ripchbKi MOPOJIM HABKOJIO CBEPUIOBMHHU. B maHui 4ac /uis LbOTO BUKOPUCTOBYIOTH
HEeHaiiHI MeToau. BoHM He 3aBXIM al0Th TOYHHUI pe3yIbTarT.

Meto A0CIIIPKEHHS TTOB3YUYOCTI € O1IbII TOUHUM. BiH J103BOJISIE BpaXOBYBaTH,
K T1PCBhKI IOPOJIU A€(POPMYIOTHCS IiJ] 11€10 HABAHTAXKCHHS.

SIKIIO0 BUKOPUCTOBYBATH METOJ JTOCIIHPKEHHS MOB3y4YOCTi, TO MOXHa 3HAYHO
HiABUIIUTUA TOYHICTh IPOTHO3Y CTIMKOCTI CBepioBHH. Lle nomomoske yHUKHYTH
aBapiii, 3SMEHIIUTH BUTPATU HA OypiHHS Ta BUAOOYTOK, 1 MIABUIIUTH SKICTh OYpIHHS
Ta BUJI00YTKY.

Meron NOCHIIKEHHS MOB3YyYOCTI € MEPCHEKTUBHUM 1 MOXe OyTH IIMPOKO
3aCTOCOBAaHUM B Ha(pTOra3oBii MPOMUCIOBOCTI.

Och KiIbKa KOHKPETHUX TMPUKIAMIB TOTO, $K 3aCTOCYBaHHS METOIY
JOCJTIKEHHS TTIOB3Yy4OCT1 MOKE IOMOMOTTH HAPTOTa30BUI00YBHUM KOMIIAHISIM:

Komrmanist Moke yHUKHYTH aBapii, OB's13aHOI 3 00BAJIOM CTIHOK CBEP/IJIOBUHH.

Kommaniss MOoke 3MEHIIUTHA BUTPATH Ha OYpIHHA Ta BUJOOYTOK, OCKUIBKH HE
OyJie HeOOX1JHOCTI KOPUTYBATH MIPOEKT CBEPIJIOBUHU B pa3i 0OBaIiB.

Kommaniss MoXe MiJBUIIUTH SIKICTh OypiHHS Ta BHIOOYTKY, OCKUIbKH
CBEpAJIOBMHA OyJie OUIBII CTIMKOIO 1 TEPMETUYHOIO.

Merton gocipKeHHS MOB3YUYOCT1 € MPOCTUM 1 MOKe OYTH 3aCTOCOBaHH B OY/Tb-
SAKUX YMOBaX.

Bin po3Bossie 3HayHO MIABMUIUMTH Oe3neKky Ta e(eKTHBHICTh OypiHHS Ta
BUJOO0YTKY Ha)TH Ta rasy.

MeTta po00TH — YJIOCKOHAJIUTH METOJWKU OIIHIOBaHHS CTIMKOCTI TIJIMH Ta
aprijiTiB.

BiamoBinHo 10 MeTr poOOTH OyJI0 BU3HAYEHO TaKi 3aBJIAHHSL:

- TPOBECTH aHaJ3 MOIIUPEHUX EKCIPEC-METOAMK JIJISl OL[IHIOBAHHS CTIMKOCTI

TJIMHUCTOIL TTOPO/IN;



- eKCIEpPUMEHTAJIIbHO OOIPYHTYBaTH METOJUKY TPUTOTYBAHHS IITYYHUX
KEpHIB, OJHOTUITHUX 32 MEXaHIYHUMU BIACTUBOCTSIMU;

- eKCIEPUMEHTAIIBHO OOTPYHTYBAaTH METOJMKY OIIHIOBAHHS CTIMKOCTI CTIHOK
CBEP/JIOBUHU;

- OOTpyHTYBaTH KPHUTEpPIM OIIHKK CTIHKOTO CTaHy 3pa3ka B CEpPEOBHIII
OypOBOTO pO3UYHUHY;

- OIIHUTU B3a€EMO3B'A30K Yacy CTIMKOTrO CTaHy 3pa3KiB Ta CTYNEHsS iX
Ha0yXaHHS.

HaykoBa HOBH3HA Po0OTH I0JIATA€ B HACTYITHOMY:

1. Ha ocHOBI OTpUMaHUX pe3yJbTaTIB pO3pOOJIEHO KPUTEPIM OLIHKU CTajoro
CTaHy LITYYHOI'O KEpHa,;

2. YIOCKOHQJICHO METOAWKY OIlIHIOBAaHHS CTIMKOCTI TJWH Ta apriliTiB 3a
pe3yJibTaTaMu JOCTIKEHb MOB3y40CTI KOHCOIIJOBAHUX 3Pa3KiB 13 IIIJIaMy Ta
KepHa, OTPUMAHUX 3 POJIOBUII] HATHU Ta rasy B YKpaiHi.

3. HocnimkeHo BIUIMB HA CTIMKICTh IJIMH Ta apruliTiB, MIHEPAJIBHOTO CKJIaay
HOPOJIM, BMICTY BOJIOTH, IPUCYTHOCTI JOMIIIOK, BIUIUB OYPOBOIO PO3UMHA.

IIpakTHYHe 3HAYEHHSI OTPUMAHKX PE3YJIBTATIB MOJSATAE B HACTYITHOMY

1. Po3po0i1eH0 METOAMKY MiIBUILEHHS CTIMKOCTI IVIMH Ta apriiiTiB JO3BOJISThH
3MEHILIUTHA PU3UK 00BaJIIB CTIHOK CBEP/YIOBHH 1 MiIBUILIUTH €(DEKTUBHICTh OypIHHS Ta
BUJI00YTKY Ha(TH Ta rasy.

2. Pe3ynbpTaTi IOCIHIKEHDb 3alPIOMHOBAHO BUKOPHUCTOBYBATH B HABYAIILHOMY
mpolieci CTyJeHTIB Ha Kadeapi OypiHHs Ta reosorii B auciurunidax “ Texuosorii
OypiHHS CBEpIJIOBUH”, «PemoHT cBepmiioBuH», «KOHTpOIbL Ta KepyBaHHS
CBEP/IJIOBUHOIO TIPU (DITHOiIOTIPOSIBICHHSX.

CtpykTrypa Ta o0car maricrepcbkoi po0doru. Marictepcbka poboTa
CKJIaJIa€ThCsl 3 BCTYIy, 4 pO3AUTB, 3araJbHUX BHUCHOBKIB, CIUCKY BUKOPUCTAHUX
JKepe; MOBHUM o0car po6oTu — 92 cTopiHok, 38 pUCYHKIB Ta 15 TabmuIk, CIUCOK

BUKOPHUCTAHUX JHKEPEIT CKIANAETHCS 3 39 HallMEHYBaHb.



INTRODUCTION

Relevance of the study. Drilling wells for oil and gas production is a complex
and dangerous process. One of the main problems faced by drillers is the collapse of
well walls. This can lead to delays, increased costs and even accidents.

One way to combat cave-ins is to predict the stability of well walls. Various
methods are used for this purpose, including modelling the stress state of rocks.

Modelling allows to describe the processes of rock destruction in the vicinity of
the well, taking into account the applied loads and its spatial position. However, this
requires knowledge of the strength properties of clays and mudstones.

Currently, indirect rapid methods are used to obtain this data, which are
unreliable. The results of such tests can vary depending on the conditions of their
implementation.

This is a criticism of modelling supporters. They believe that to improve the
accuracy of the forecast, it is necessary to use more reliable methods for determining
the strength properties of clays and mudstones.

One such method is creep testing. Creep is the process of deformation of a rock
under a constant load. It is one of the main causes of well walls collapse.

Creep tests are carried out using a special setup that allows you to control the
deformation of the sample over time. Based on the results obtained, the probability of
well wall collapse can be estimated.

This method is more accurate than indirect express methods. It allows taking into
account not only static but also dynamic factors that affect the stability of the rock.

Implementation of the creep test method will significantly improve the accuracy
of well wall stability forecasts and reduce the risk of cave-ins.

Here are some specific examples of how the use of creep testing can help oil and
gas companies:

- A company can avoid an accident caused by a well wall collapse.

- The company can reduce drilling and production costs, as there will be no need

to adjust the well design in case of collapse.
8



- The company can improve the quality of drilling and production, as the well
will be more stable and tight.

The creep study method is promising and can be widely used in the oil and gas
industry.

The aim of the study was to develop a methodology for assessing the stability
of clays and mudstones that would be reproducible and metrologically characterised.

In accordance with the objective, the following tasks were defined:

- to review the common express methods for clay rock stability assessment;

- to experimentally substantiate the methodology for preparing artificial cores
with similar mechanical properties;

- to experimentally substantiate the methodology for assessing the stability of
borehole walls from the creep of samples in the drilling mud environment;

- experimentally evaluate the reproducibility of creep curves;

- to substantiate the criterion for assessing the stable state of the sample in the
drilling mud environment;

- to evaluate the relationship between the time of steady state of samples and the
degree of their swelling.

The scientific novelty of the work is as follows:

- A methodology for assessing the stability of clays and mudstones has been
developed based on the results of creep studies of consolidated samples from mud and
core obtained from oil and gas fields in Ukraine.

- The influence of such factors on the stability of clays and mudstones as: mineral
composition of the rock, moisture content, presence of impurities, and the impact of
drilling mud was investigated;

- Based on the results obtained, a criterion for assessing the stable state of
artificial core was developed.

Practical significance of the results.

1. The developed methods for increasing the stability of clays and mudstones
will reduce the risk of wellbore wall collapses and increase the efficiency of oil and

gas drilling and production.



2. It is proposed to use the results of the research in the educational process of
students at the Department of BtG in the disciplines "Well Drilling Technologies",
"Well Repair", "Well Control and Management in Fluid Manifestations".

Structure and scope of the master's thesis. The master's thesis consists of an
introduction, 4 chapters, general conclusions, a list of references; the total volume of
the work is pages, including: 92 pages of the main text, 38 figures and 15 tables, the

list of references consists of 39 titles

10



PO3I1J 1. AHAJII3 CYHACHOI'O CTAHY AOCJLI>KYBAHOI'O
IIMTAHHA

[IpoGiiema HECTIMKOCTI BIIKPUTOrO CTOBOypa CBEP/JIOBUHH € OJHIEIO 3
HallHarajgpHIMMUX TpoOseM nns  HadTora3oBux KommaHiii. OOBaleHHS CTiH
CBEPVIOBHHHU, 110 MPU3BOASATH JI0 IPUXBATIB OYPIIIBHUX Ta 00CATHUX KOJIOH, HEPIIKO
3aKIHUYIOThCS JIIKBIJIAIIEI0 CBEPNIOBUHH. Biomo, 110 Ha HadTOra30BUX POJAOBHUIIAX
cBiTy Omm3bko 70-75% mutacTiB MpeACTaBICHO TIIMHUCTUMU ITOPOJIAMU, 1 32 TCSIKUMU
omiHKaMu 01u3bko 70% TEXHOJOTIYHUX YCKJIQJIHEHb IOB'SI3aHO caMe€ 3 HECTIMKUM
ctaHoM cBepaioBuHU [13, 14, 15 ta iH.]. 3a ominkoro ¢axiBimiB kommanii lllemr, y cBiTi
KoMIiaHii BuTpadaroTh BiAg 0,5 mo 1 mupa momapie CHIA Ha pik Ha JIKBLAAIIIO
YCKJIaAHEHb, 110 BUHHUKAIOTH Mpu OypiHHI B MMHHCTHX mnopojax [13, 16]. Tax,
HaIpUKIIaa, Tpu OyIBHUIITBI TOPU30HTAIBHOT CBEPAJIOBUHU B MEKCUKAHCBKIH 3aTOII1
Ha JIIKB1JIalli aBapiil Ta yCKJIaJHEHb y Mpoueci OypiHHsA 0yJi0 BUTpadyeHo OJIu3bKo 212
MJIH foJ1apiB [16].

OnHak, He3BaXKar04M Ha YKMCIICHHI JOCIII)KEHHS 1 BEJTUKHUI eKCIIEPUMEHTAIbHUN
Marepiajl o JOCTIKCHHIO TJIMHUCTHUX Ta apruNTOBUX BiAKIaJACHb, HAKOIMMYCHUI
JIOCB1J1 OypiHHS 3 BUKOPUCTAHHSM CYYaCHMX TEXHIYHMX KOIITIB 1 TEXHOJOTIH [3, 4, 5,

17] He 3aBau A03BOJISAE 3aMO0ITTH YCKIAJHEHHAM y TIpoLeci OypiHHS.

11



3AT'AJIBHI BUCHOBKH

1. Ha ocHOBI JIOCTI/DKEHHS [IIJTAMOBOT'O MaTepialy BCTAHOBJIEHO:

. PentrenodazoBuii aHami3 mokasas, IO 3pa3Kd IUIaMy MICTSTh SIK aKTHBHI
TJIMHUCTI MiHepaiau (HOHTPOHIT, BEPMIKYIIT), TaK 1 MIHEpAJIX 3 HU3bKOIO 10HOOOMIHHOIO
EMHICTIO (XJIOPHUT, MYCKOBIT).

. Jlis AOCHKEHHS 1IJJaMOBOTO MaTepialy BUKOPHCTOBYBAJIOCH CIElialibHE
o0JlalHaHHA, SKE JO3BOJUJIO OTPUMATH HEOOXIJHI JdaHl Uil HOT0 TMOJaJIbIIOTro
BUKOPHCTAHHSI.

2. Po3po0JieHo0 METOUKY MPUTOTYBAaHHS IITYYHUX KEPHIB 3 MOPOIIKOIMNOAIOHOTO
nuiaMy, sika 3a0e3nevyye iX OJHOTUITHICTh 32 MEXaHIYHUMHU BIACTUBOCTSAMU. ONTHUMAaIIbHI

napamMeTpH MPUTOTYBAaHHA IUTYYHUX KEPHIB:

o Posmip dpakiii nopomikonoaioHoro matepiany: <0,1 Mm.

o 3BOJIOKEHHS TIOPOILKY JI0 PIBHOBAXKHOI BOJIOT'OCTI.

o CriBBIAHOIIICHHS! BUCOTHU JI0 JilaMeTpa IMTYYHOI0 KepHa: > 2.

o Hapanrtaxxenns st npecyBanusi: 13000 psi (= 90 MIla) npotsirom 15 xBuiuH.

3. BcTaHoBJI€HO, IO KPYBi TOB3YUYOCTI IITYYHUX KEPHIB CBIIYATh PO YOTUPH CTATIT
nedopMyBaHHS: MUTTEBE IMIJDKUMAHHA 3pa3ka, HaOyXaHHs (pO3LIUPEHHS) 3pa3Ka,
crabim3zauisa aedopmarlii, CTUCHEHHS 3pa3ka Ta HoOro pyiHyBaHHS. MakcuMaiabHa
HeraThBHa JAe(opMallisi Ha KpUBI MOB3y4OCTI BIJIMOBIJA€ MaKCUMAJIbHOMY HAOyXaHHIO
HITYYHOTO KE€pHa 1 MOXE BUKOPUCTOBYBATHUCS JUIsl OLIHKU BIJIMBY OypOBOTO PO34YMHY Ha
CTIMKICTh TJIMHUCTUX TIOPIJ.

4. JIns OIIHKY CTIMKOCTI IITYYHUX KEPHIB TJIMHUCTUX TOPiJl B OypOBUX pO3YMHAX

3aMpPONOHOBAHO BUKOPUCTOBYBATH JIBa KPUTEPIi:

o Yac criiikoro crany TycT.
o BignocHa BepTukanbpHa Aehopmariis €.
2. 3anponoHOBAHO METOJl pPAHKUPYBaHHS OypOBHUX pO3UYMHIB 32 KPUBUMU

MOB3YYOCTI IITYYHUX KEPHIB, AKUH JI03BOJISIE€ OLIHUTU CTIHKICTh INIMHUCTUX TOP1J B PI3HUX
cepenoBuIax OypoBUX PO3UYHMHIB Ta MOPIBHITH €(PEKTUBHICTH 1HTIOITOPIB Ta COJIEH.

5. Ha ocHOB1 BUKOHaHUX JOCIIPKEHb PO3P0O0JIeHO0 HACTYITHI pEKOMEHIAITIi:

12



. Pesynbratu nocnigkeHb MOXKYTh OyTH BUKOPUCTaHI AJi pO3pOOKU pelenTyp
OypOBHUX PO3YHMHIB, CIPSIMOBAaHUX HA 3a0€3MEUCHHS CTIMKOCTI CTIHOK CBEP/IJIOBUHHU.

. MeToauKy NpUrOTYBAaHHS WITYYHHUX KEPHIB 3 MOPOMIKOMOIIOHOTO IMuIamy
PEKOMEH Ty €ThCS BUKOPUCTOBYBATH JIJISl TOJANIBIIUX JOCIIIKEHb TIIMHUCTUX TOPIJ.

. 3anponoHOBaHUM METOJl paHXKUPYBaHHsS OYpOBUX PO3UMHIB PEKOMEHYETHCS
BUKOPHCTOBYBAaTH Ui BUOOPY peareHTIB MpH OypiHHI I1HTEpBalIiB CMEKTUTOBUX Ta

BEPMHKYJIITOBUX MOPI/I.

13
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