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CKOPOYEHHA

BPT — OypinHs 3 peryib0BaHUM THCKOM;

PI'T — poropHuil rupI0BUNA r€pMETU3ATOD;

[TYB — miamunmHIKOBUN yIIUTBHIOBATLHUN BY301T,
ELI" — exBiBasieHTHA HUPKYJIALIAHA TyCTUHA;
ECT — exBiBaJIeHTHa cTaTU4YHA T'YCTUHA,

CIIO — crryckomigiioMHi orepartii;

['PII — rizpopo3puB 11acra;

OK — o0caana Koj10Ha;

OBP - oOBaxkeHMi1 OypUIIbHUN PO3YMH;

MAASP — MakcuMaabHUM TO0MyCTUMUHN TUCK B 3aTPYO1;
I[1BO — npotuBukugHe 00J1aTHAHHS;

[IYT — npeBeHTOp yHIBEpCATBHUH T1IpaBIIYHHIA;
DFIT — Dynamic Formation Integrity Test;

SBP — npoTuTHCK Ha TOBEPXHi,;

MPD — Pressure Drilling.



AHOTAILUS

Y po6O0Ti pO3MISTHYTO TEXHOJIOTisI OypiHHA 3 KepoBaHuM TuckoM (MPD). MPD
- 1I€ TEXHOJIOT1s, SIKa J03BOJIIE KOHTPOIIOBATU THCK B CBEPIJIOBHMHI 32 JIOMOMOTOIO
cuemianbHoro obnaananHa. lle mo3Bonse migBuUmMTH Oe3meky OypiHHS 1
IIEMEHTYBaHHS, & TAKOX MIABUIIUTH €PEKTUBHICTH ITUX MPOIICCIB.

VY nepiomy po3aut poboTu npoananaizoBano texHosorii MPD. Posrisinatotecs
Taki MATaHHS, SIK TpUHIUI poboTn MPD, nepeBaru 1 HeIOMIKU TEXHOJIOTI].

VY npyromy po3auli MpoaHani3oBaHO OOJagHAHHS, SKE€ BUKOPHUCTOBYETHCS B
cuctemax MPD. PosrisparoTecs Taki TUNM OOJaJHAHHS, SIK POTOPHUM TUPJIOBUN
repMeTH3aTOp, MaH1POJIb] 3 HAIBaBTOMAaTUYHUM JPOCESIMU, Ta30BUI BUTPATOMID,
ra3ocernaparop, CMOJIOCKUITHA YCTaHOBKA.

VY TperhOMy pO3ALNI JAHO TIAPABIIYHI PO3PaXyHKH, SIKI HEOOXIIHI st
3a0e3reueHHsT Oe3neku OypiHHS 1 LEMEeHTyBaHHsS 3a jgomnomororo  MPD.
PosrisparoTees Taki MUTAaHHS, SIK BU3HAYEHHS HeOe3neyHuX (hakTopiB, BUZHAYCHHS
TYCTUHH OypOBOrO pO3YHMHY, BH3HAUCHHS TeMIleparypu OypoBOTO pO3UYHHY,
rigpaBniyHi po3paxynku MPD.

VY yerBepTOMY PO3IILII PO3TISIHYTO cTpaTeris 3actrocyBanHs MPD Ha npuxiazi
JUIOYMX CBEPAJIOBUMH. PO3MISINAOThCS Taki NMUTAHHS, K OYpiHHS B IHTEpBAIl 3
3actocyBanHsM MPD, naponryBanHsi OypHJIBHOTO 1HCTPYMEHTY, CITYCKOITIHOMHI
omepailii, KapTyBaHHS TPaAJI€HTIB THUCKY, 3aMIIICHHS CBEPJJIOBUHM Ha PO3UYUH
TITYIIHHS.

VY n'stomy po3aiii po3po0sieHo Ail MpH MO3AMTATHUX CUTYallisX, SKI MOXKYTh
BUHUKHYTHU NpU OypiHHI 3 3acTocyBaHHsAM MPD. Po3risinatoThcst Taki MUTAHHS, K Ai1
npu nornuHauHs, 1ii mpu HBII, aii npu o3Hakax HecTabUIBHOCTI CTBOJIA, Mii TIPH
B1/IMOBI 3BopoTHUX KinanaHiB B KHBK.

KurouoBi ciioBa: OypiHHS 3 peryJibOBAHUM TUCKOM, CITyCKOIIIHOMHI omepaiiii,
TiIPOpO3pUB TIacTa, 00CagHa KOJOHA, MPOTUBHKUIHE OOJAJHAHHS, MPEBEHTOP

yHIBEpCaIbHUH T1IpaBIiuHUM.



ABSTRACTS.

This paper discusses the technology of pressure-controlled drilling (MPD). MPD
Is a technology that allows controlling the pressure in the well using special equipment.
This allows to improve the safety of drilling and cementing, as well as increase the
efficiency of these processes.

The first section of the paper analyzes MPD technologies. It discusses the MPD
principle, advantages and disadvantages of the technology.

The second section analyzes the equipment used in MPD systems. Such types of
equipment as a rotary wellhead sealer, a manifold with semi-automatic chokes, a gas
flow meter, a gas separator, and a torch unit are considered.

The third chapter presents the hydraulic calculations necessary to ensure the
safety of drilling and cementing with MPD. The following issues are considered:
determination of hazardous factors, determination of drilling mud density,
determination of drilling mud temperature, MPD hydraulic calculations.

The fourth chapter discusses the strategy of MPD application on the example of
operating wells. It considers such issues as drilling in the interval using MPD, drilling
tool build-up, running-in operations, pressure gradient mapping, and replacing the well
with killing fluid.

The fifth section describes actions to be taken in case of emergency situations
that may arise during MPD drilling. The following issues are considered: actions in
case of absorption, actions in case of HFD, actions in case of signs of borehole
instability, actions in case of check valves failure in the BHA.

Keywords: controlled-pressure drilling, run-in operations, hydraulic fracturing,

casing, blowout preventer, universal hydraulic preventers.



BCTYII

AKTYaJIbHICTh TEMH

BypiHHS CBEpIJIOBMH € OJHUM 3 HaWBaXIMBIIIKUX IPOIECIB Y HadTOrasopii
MPOMHUCIIOBOCTI. BOHO M03BOJIsIE OTpUMYyBATH JOOCTYN 10 Ha(TOBHX 1 Tra30BHX
POJIOBHIII, @ TAKOXK JI0 1HIIUX MiI36MHHUX PECYPCIB.

Tpaaumiiini MeTonu OypiHHS YacTO HE MOXYTh 3a0€3MeUUTH HEOOXiTHY
0e3neKky Ta e(pEeKTHBHICTh Y CKIAIHUX TCOJOTIYHMX yMOBax. Taki yMOBH MOXYTb
BUHUKATH BHACIIJIOK HAsBHOCTI BHCOKOIPOHMKHUX IIJIACTIB, BHCOKOi IIIACTOBOI
TEMIIEpaTypy, BHUCOKOi IIIJIBHOCTI Tra3y a00 BHCOKOI  CXWJIBHOCTI  JIO
CEICMOAaKTUBHOCTI.

Texnosorisa OypinHs 3 kepoBaHuM THCkoM (MPD) € omHi€ro 3 HalicyuacHIUX
TEXHOJIOT1 OYpiHHS, sIKa J03BOJIAE€ MIABUIIMTH O€3MEKy Ta €(PEeKTUBHICTb OYpOBUX
pOOIT y CKJIaJIHUX T'€0JIOTIYHUX YMOBaX.

Texnonoris MPD Mmae psin mepeBar nepej TpaauliiiHUMU METOaMHu OypiHHS,
30Kpema:

- mokpameHa Oe3neka. MPD no3Bonsie 3amoOiraTé  Tiipopo3pUBY  IIACTA,
BHUKHAM Ta IHIIUM TO3aMITaTHUM CUTYAIIisIM, SIKI MOKYTh TIPU3BECTH JI0 TPABM
a00 3arubeni JiroeH, a TaKOX J0 €KOJIOTTYHUX KaTtacTpod.

- mokpaieHa eektuBHicTh. MPD n03Bosisie miaBUIIMTH MIBUAKICTH OypiHHS,
3MEHIIUTH BUTPATH OYpOBOr0 PO3UYMHY Ta 3MEHIUUTH KUIBKICTH Hacy, L0
BUTPAYAETHCS HA MPOBEJCHHS MO3aITATHUX POOIT.

AxTtyanpHicTh TexHosorii MPD 3pocrae 3 koxxuuM pokom. lle mos'sizano 3
HAaCTyMHUMU (aKTOpaMu:

- 3pocTaHHs CKJIaJHOCTI reooriyHuX ymoB. HadTorazosi pomoBuiia cTaroTh Bce
O1IBII CKJIAIHUMU 3 TOYKH 30py reosiorii. Ile BuMarae BUKOPUCTAHHS O1IbIIT
e(EeKTUBHUX TEXHOJIOTI OypiHHS, SIKI MOXYThb 3a0e3nmedyuTH Oe3leKy Ta
e(peKTUBHICTh OYpPOBUX POOIT y TAKMX YMOBAX.

- 3pocTaHHs BUMOT 0 Oe3neku. Ypsiau Ta TPOMaJACHhKICTh BCE OUIbILE yBaru

OpUAUIAIOTE  Oe3meri  HadTorazoBoi mpomucioBocTi. Texnonoris MPD7



JTIO3BOJIIE 3HAYHO MIABHUINUTH Oe3meKky OypoBHX poOOIT, IO BIJAMOBIIAE UM

BUMOTaM.

- 3poctanHs BUTpaT Ha OypiHHs. BapricTe OypoBHX pOOIT MOCTIIHO 3poOCTae.
Texnonoris MPD no3Bossie 3MEHIIMTH BUTPATU HA OypiHHS, 110 € BAXKJIUBUM
(dakTOpoM y CydyacCHUX EKOHOMIUHUX YMOBaX.

Texunonoris MPD mmpoko 3acTocoByeThes B CBITi. 3a JaHnMu Kommanii Baker
Hughes, y 2023 porii MPD BukopuctoByBanocs Ha 20% Bcix OypoBUX YCTaHOBOK Y
CBITI.

Texnonoris MPD 3acrtocoByeTbest B pi3HUX KpaiHax, y Tomy umcii B CILA,
Kanani, Pocii, Kurai, bpa3uiii Ta iHImx.

Texnonoris MPD nounnae Habupatu nomyssipHocTi B Ykpaini. Y 2023 pori
MPD BuxopuctoByBanocs Ha 5% BCix OypOBHUX YCTaHOBOK B YKpaiHi.

Texnonoris MPD 3acTocoByeThCs HAa TaKUX POJOBUIAX, SIK:

- Ilpukapnarcbke Ha(hTOra30HOCHE POJIOBHUILE

- JlninpoBceko-JloHenbkuii HadTOra30HOCHUM OaceiH

- I'nmubokoBoH1 HadTOra30HOCHI pooBUIa HOpHOTrO Ta A30BCHKOTO MOpIB
MeTo10 poboTu € po3po0IICHHS PEKOMEH ALl 100 3aCTOCYBaHHS TEXHOJIOT11

MPD y cknagHuX reojIoTiYHUX YMOBAX.

JI71s1 TOCSATHEHHSI METH JOCIIIPKEHHS] HE00X1JHO OYyJI0 BUKOHATH TaKl 3aBJIaHHA:

- O3HallOMUTHUCS 3 TEOPETUUYHUMHU OCHOBaMU TexHoJjorii MPD;

- OxapakrtepusyBaTu 00JiaJIHaHHS, IKE BUKOPUCTOBYEThCS it MPD;

- PospaxyBaru rigpaBmiuHi mapameTrpu il OypiHHS CBEPAJIOBUH Y CKIJIQJIHUX
reoJIOTIYHUX YMOBAX 3 BUKOPUCTAHHSIM TexHousorii MPD;

- Po3pobutu ctparerito 3acTocyBaHHs TeXHOJ0Tii MPD y ckilaHUX T€0J0TTUHUX
yMOBaXx;

- Po3pobutu pexomenaalii moa0 aid nNpu Mo3alTaTHUX CUTYallsIX npy OypiHHI
3 BUKOPUCTAHHIM TexHouorii MPD y ckiaiHuX reojoriyHuX yMOBax.
00'exTOM Ho0CHiTKEeHHS € TIporieC OypiHHS CBEPJJIOBUH 3 BHUKOPHUCTAHHSIIM

texHosorii MPD.

IIpenmerom npociigxeHHss € 3acTocyBaHHS TexHojorii MPD y ckmagHuxg



reoJIOTTYHUX YMOBAX.

JIist TOCSTHEHHSI TMOCTaBJICHUWX 3aBJaHb OyJIuM BUKOPUCTaHI Taki MeTOAHU
JAOCJTiZKeHHs: CTATUCTUYHUI aHami3, po3poOKka MaTeMaTUYHUX MOJIEIIEH.

HaykoBa HOBH3HA o/epKaHMX Pe3yJbTaTIB — YJOCKOHAJIEHO TEXHOJIOTIIO
OypiHHs 3 KepoBaHUM TUCKOM (MPD) y ckimagHMX reosloTi9yHUX yMOBaXx.

IIpakTHyHe 3HAYEeHHHA OTPUMAHUX Pe3YJbTATiB — OTPpUMaHI pPe3yJbTaTH
MOXYTh OyTH BUKOPHCTaHI JIs MIABUIIEHHS Oe31eku Ta €()eKTUBHOCTI OYpOBUX pOOIT
IpU 3aCcTOCYBaHHI TexHojorii MPD y ckiaiHUX reooriyHuX yMOBax.

Ctpykrypa i 06csir podoTn. Maricrepcbka poOOoTa CKIIAIa€ThCs 31 BCTYIY,
YOTHUPHOX PO3/ILIIB, BUCHOBKIB Ta CIIMCKY BUKOPUCTAHUX JKepes. BoHa BukiajeHa Ha
69 cropinkax, y ToMy 4HCIIi 65 CTOPiHOK OCHOBHOTO TEeKCTY, 18 pucynkis, 12 Tabmuirs,
5 CTOpPIHOK CHHMCKY BUKOPUCTAHUX JXKEpEd.

Maricrepcbka poboTa BUKOHaHAa y HaBuanbHO-HAyKOBOMY 1HCTUTYTI HaTh
1 razy HamionaneHoro yniBepcutety «llonrtaBchka mnomitexHika imeH1 FOpid
Kounnpatioka» B 2023 pori mij KEpiBHUITBOM K.T.H., JOILIEHTa, JOLEHTa Kadenpu

OypiHHs Ta reosorii Xapuenka Makcuma OnekcaHpoBuya.



INTRODUCTION

Relevance of the topic

Well drilling is one of the most important processes in the oil and gas industry.
It allows access to oil and gas fields, as well as other underground resources.

Conventional drilling methods often fail to provide the required safety and
efficiency in difficult geological conditions. Such conditions can arise from highly
permeable formations, high reservoir temperatures, high gas density, or high
seismicity.

Managed pressure drilling (MPD) technology is one of the most advanced
drilling technologies that allows to increase the safety and efficiency of drilling
operations in difficult geological conditions.

MPD technology has a number of advantages over traditional drilling methods,
including

- Improved safety. MPD prevents hydraulic fracturing, blowouts and other
emergencies that can lead to injury or death, as well as environmental disasters.

- Improved efficiency. MPD allows to increase drilling speed, reduce drilling
mud consumption and reduce the amount of time spent on emergency operations.

The relevance of MPD technology is growing every year. This is due to the
following factors:

- Increasing complexity of geological conditions. Oil and gas fields are becoming
increasingly complex in terms of geology. This requires the use of more efficient
drilling technologies that can ensure the safety and efficiency of drilling operations in
such conditions.

- Increasing safety requirements. Governments and the public are increasingly
paying attention to the safety of the oil and gas industry. MPD technology can
significantly improve drilling safety to meet these requirements.

- Rising drilling costs. The cost of drilling operations is constantly growing.
MPD technology helps to reduce drilling costs, which is an important factor in the

current economic environment. 10



MPD technology is widely used around the world. According to Baker Hughes,
in 2023, MPD was used on 20% of all drilling rigs in the world.

MPD technology is used in various countries, including the United States,
Canada, Russia, China, Brazil, and others.

MPD technology is starting to gain popularity in Ukraine. In 2023, MPD was
used on 5% of all drilling rigs in Ukraine.

MPD technology is used at such fields as:

- Prykarpattya oil and gas field

- Dnipro-Donetsk oil and gas basin

- Deepwater oil and gas fields of the Black and Azov Seas

The purpose of the master's thesis is to develop recommendations for the
application of MPD technology in complex geological conditions.

To achieve the research goal, the following tasks had to be performed:

- To get acquainted with the theoretical foundations of MPD technology;

- Characterize the equipment used for MPD;

- Calculate hydraulic parameters for drilling wells in difficult geological
conditions using MPD technology;

- Develop a strategy for applying MPD technology in difficult geological
conditions;

- Develop recommendations for actions in case of emergency situations when
drilling using MPD technology in difficult geological conditions.

Research objectives

The object of study is the process of well drilling using MPD technology.

The subject of the study is the application of MPD technology in difficult
geological conditions.

The following research methods were used to achieve the objectives:

- Analysis of theoretical sources;

- Statistical analysis;

- Development of mathematical models.

The scientific novelty of the results obtained is the development ofq1



recommendations for the application of MPD technology in difficult geological
conditions.

Practical significance of the results

The obtained results can be used to improve the safety and efficiency of drilling
operations when using MPD technology in difficult geological conditions.

The volume of the final qualification work is 68 pages, 14 figures, 19 tables,

45 references.

12



PO3IJIJI 1 CYYACHUM CTAH IUTAHHSA TEXHOJIOI'TI BYPIHHS 3
KEPOBAHUM TUCKOM

1.1 Anauni3 TexHoJiorii OypiHHSA 3 KEPOBAHUM THCKOM

13



3AT'AJIBHI BUCHOBKH

Y po60Ti BUpIIIEHO BAXXKIMBY HAyKOBO-TEXHIUHY 337a4y — pO3pOOIli BKa3iBOK Yy
pa3i BUHUKHEHHS YCKJIaJHEHb MPH BUKOPHUCTAHHI TEXHOJIOTiI OypiHHS 3 KEPOBAaHUM
tuckoMm (MPD) .

1. YropaBiaiHHS THCKOM Yy Tporieci OypiHHS - yJOCKOHalieHa ¢opma
NEPBUHHOTO YMIPABIIHHSA CBEPAJIOBUHOIO, CTBOpPEHA JUIsl 3alo0iraHHs MPOCTOSM 1
BUTpAT HEMPOIYKTUBHOTO 4Yacy, BIACTHUBUX TPAAUIIMHUM MeTogaM OypiHHS.
Haii6inp1m1 nomvpeHi BapiaHTU KOHTPOJIO TUCKY B Ipolieci OypiHHS 3a0e3neuyroTh
MO>KJIMBICTh BUKOPUCTAHHS 3aKPUTOI CUCTEMH TTOBEPHEHHSI PO3UMHY Ta CUCTEMHU, KA
BUTpPUMY€ BHUCOKHI THUCK. OCTaHHE J0O3BOJISIE, y CBOIO Yepry, TOYHIIIE KepyBaTu
npodisieM TUCKY 1O BCbOMY CTOBOYpPY CBEPJIOBUHHU.

2. [lepeBaroro KOHTpOJIO THUCKY B Tpoueci OypiHHS CJiJ BBaXKaTH
MOXJIMBICTh PEryJIIOBaTH TUCK Ha BUOOI MpU MIHIMAJIBLHOMY IE€pEpPUBaHHI XOIYy
OypoBux poOiT. Y BiAMIHHICTH BiJ OypiHHS Ha Jemnpecii, OCHOBHa MeTa SKOIo
CKJIaJIa€ThCsl B IIJIBUIIICHHI MPOAYKTUBHOCTI CBEPJJIOBMHU 3a PaXxyHOK MiHIMi3allil
PHU3UKY TMOIIKO/XKEHHS MPOTYKTUBHUX 30H, TOJIOBHOIO METOIO TE€XHOJIOTIT yIpaBIIiHHS
TUCKOM Yy TIpoleci OypIHHS € 3HM>KEHHSI MOro BapTOCTI. 3HayHa KUIbKICTh pOOJIieM,
MOB'sI3aHUX 13 OYPIHHAM (@ BIAMOBIIHO 13 4aCOM poOOTH O€3 moryiubiieHHs BU00I0), 3
SKUMH CbOTOJIHI CTUKAETHCS Taly3b OypiHHS, MOXKE OyTH B Tiif a00 1HAKIIUN CTyTIeHS
BUPILIEHO 3a JIONOMOTrOK BUOYIOBYBaHHA OUIbLI TOYHOI TEXHOJOTIi KEepyBaHHSA
THUCKOM Y CTOBOYP1 CBEPIJIOBUHHU.

3. [IpoananizyBaBim 0COOJUBOCTI OypiHHS CBEPMJIOBHH 3 KEPOBAHUM
TUCKOM, OYyJIO BHUBEJCHO CXEMY BKa3IBOK, B SKIM OMUCAHI Aii TPU BUHUKHEHHSX
YCKIaAHEHb TijJ 4Yac BHUKOpuUcTaHHS TexHosorii BPT, mo mo3BoiuTh 3poOuTH
MpaBUJIbHI KPOKHU NIPH iX YCYHEHHI.

4, PesynbraTom nanoi poOOTH cTajo y3araJlbHEHHS 1 CUCTEMaTH3allisl JaHUX
B raTy3i OylIBHUIITBA CBEP/IJIOBHH 13 KEPOBAHUM THUCKOM. MOXKyTh OyTH BUKOPUCTAaHI
IIPY IPOEKTYBaHHs OyIBHULITBA CBEP/IJIOBUH 3 BY3bKHUM BIKHOM OYpiHHSI CEpBICHUMHU

OpraHizallisiMu. 14



GENERAL CONCLUSIONS

This paper solves an important scientific and technical problem - the
development of guidelines in case of complications when using the technology of
controlled pressure drilling (MPD).

1. Pressure control during drilling is an advanced form of primary well
control designed to prevent downtime and unproductive time inherent in traditional
drilling methods. The most common variants of pressure control during drilling provide
the possibility of using a closed mud return system and a system that can withstand
high pressure. The latter allows for more precise control of the pressure profile along
the entire wellbore.

2. The advantage of pressure control during drilling is the ability to adjust
the bottomhole pressure with minimal interruption of drilling operations. In contrast to
underbalanced drilling, the main purpose of which is to increase well productivity by
minimizing the risk of damage to productive zones, the main goal of the technology of
pressure control during drilling is to reduce its cost. A significant number of drilling-
related problems (and, accordingly, the time of operation without deepening the bottom
hole) faced by the drilling industry today can be solved to a greater or lesser extent by
building a more accurate downhole pressure control technology.

3. Having analyzed the peculiarities of drilling wells with controlled
pressure, we have developed a scheme of guidelines that describes actions in case of
complications during the use of the BRT technology, which will allow taking the right
steps to eliminate them.

4. The result of this work was the generalization and systematization of data
in the field of controlled pressure well construction. They can be used in the design of

well construction with a narrow drilling window by service organizations.
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JIOJIATOK A

BuxiaHi nani 15 po3paxyHky npoguiio cBepaJIOBUHA

HaitmenyBanHs napamerpa 3HaYeHHS
Hiamertp momora 152.4 mm
JloBxxuHa cexIii 2866-3030 m
I'mubuna nonora 3030 m
[TpomyKTHBHICTH HACOCIB 600 - 1200 n/xB
MexaHi4Ha IIBUIKICTh MPOXOJIKH 5—-15 m/rox
Yacrora 00epTaHHS IHCTPYMEHTY 0 - 40 po/xB
HalimenyBanHs nmapamerpa 3HaueHHs
Temnepatypa BUMipy 20
TYCTHHA 1,50 r/cm 2
R600 92
R300 60
R200 47
R100 30

R6 16

R3 11
Gel10s 12
Gel10m 25
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JOAJATOK b
IIpoexTHUII NPoQinb CBEPAIOBUHHA

Tabmuusg b.1 - [IpoekTHu# npodiyib CBEPITIOBUHU

09_SDM_01_365-P_Design #6_Version 1_03-12-2020

fAara panopra / Report Date December 2, 2020 Koopawxarsas npussska / Local Co-ordinate Reference Yerbe cksaxuie / Slot]
3axazumc / Client VCNG Meron pacyera Tpaexropw / Calculation Method Minimum Curvature|
Mpoexr / Feld SDM, Russia_Irkutsk A3mMyT BepTHKanbHoi cexumm / Vertical Section Azimuth (Grid North) 187.00}
Kycr / Pad 1 Hausano i cexum / Vertical Section Origin 0.000 m, 0.000 m|
Cxsancma / Well 365-P CucreMHbli yposeHs npysesens / System Datum Mean Sea Level|
Creon / Borehole Wellbore 1 n I / TVD Ref Datum Type Cron poropa)|
Mnawu / Plan Design #6 O (TVD) / Datum 421.04)
Cucrema xoopamiar / Ce System Universal Transverse Mercator Buicora ycrea yposHs Mops / Ground (m): 407.60)
leopesmeckwi penep / Geo Datum WGS 1984 C or / North Kaprorpadmueckmit cesep (Grid North)|
Kaprorpadwieckan soxa / Map Zone Zone 49N (108 E to 114 E) Maruursas mogens / Magnetic Model HDGM2020 (02.12.2020 r.)|
|Unpora / Latitude 59° 37" 58.3227 N MaruurHoe Haknonenwe / DIP Angle,® 77.71]
[ fonrora / L 108° 4' 29.5405 E maruuTHoro nons / Feld Strenght (nT) 61276
Orxop Ha Cesep / Northing (m) 6614159.214 MarnurHoe / Mag: lin b -7.90)
Orxon Ha Bocrok / Easting (m) 335073.856 [ / Grid & gence ° -2.5)
Koad. Macwra6i / Scale Factor 0.9999338 i Cesep -> Kaprorpad #i Cesep / Total Cor. Mag North to Grid North, ° -5.38]
Winexc cnox HocTn Gypenn (DDI) 6.287 Pazmep uenm / asm! enw® / Target Dimensions, m / Ta Azimut| 100x200@187"
leorpacdwmeckme koopa. Lientpa yenw Wiwpora / Location Latitude: 59°36'48.8458}

leorpagwmeckme koopa. LienTpa uenu / Location L 108°04'44.8558

TIpoCTpancieenn
FnyGunxa no creony / AzumyT | FyGiana: [:AScomonian B3/ Ormxopn/ A3umyT Ha TouKy / Toncuonsy
K /C o o semumuuia yron inc| ST | seprakana ! | Orwera | Y Ew Closure Closuro Azimuth |Wkrencaamocn, | | OTnoWMTeNA
i m) 0 o oD m) (m m) 0 oLs o
(m) (m) 120l )

Tie-In 0.00 0.00] 0.00 0.00 -421.04 0.00} 0.00 0.00} 0.00 0.00] 0
HeTBEPTHUHLIE OTNOXEeHUA 14.00) 0.00| 0.00' 14.00| -407.04 0.00) 0.00! 0.00] 0.00] 0.00| 0
KOP 80.00] 0.00| 0.00 80.00 -341.04 0.00) 0.00) 0.00] 0.00 0.00 0
EOC 170.00 6.00] 170.00 169.84 -251.20 -4.64 0.82 4.71] 170.00; 2.00| 0
Kan CBUTa 187.26| 6.00] 170.00 187.00 -234.04 -6.41 1.13] 6.51 170.00! 0.00| 0
Hanpaunenwe 426 uu 200.00 6.00] 170.00( 199.67 -221.37 -7.72| 1.36 7.84) 170.00} 0.00 0)
KOP 220.00 6.00] 170.00 219.56| -201.48 -9.78] 1.73] 9.93] 170.00! 0.00| 0
NuTBuHUeBCKas cauTa 557.01 34.08| 170.00 533.00| 111.96 -122.39) 21.58 124.28| 170.00! 2.50| 0
EOC 580.00 36.00] 170.00 551.82| 130.78 -135.39) 23.87 137.48| 170.00! 2.50| 0
|Anrapcxan ceura 737.20] 36.00| 170.00 679.00 257.96 -226.38| 39.92 229.88| 170.00! 0.00] 0
Bynaiickan canTa 858.33) 36.00] 170.00 777.00| 355.96 -296.50) 52.28 301.08] 170.00 0.00] 0
24 mm 904.07, 36.00] 170.00 814.00 392.96 -322.98] 56.95) 327.96 170.00 0.00] 0)

KOP 914.07, 36.00] 170.00 822.09 401.05 -328.77 57.97 333.84] 170.00! 0.00] 0
Bepxre Benscxan noacsura 937.86) 38.74 170.77 841.00 419.96 -343.00) 60.38] 348.28| 170.02 3.50 10
EOC 1258.49) 75.85 176.61 1011.35| 590.31 -606.63! 86.61 612.78 171.87 3.50| 6
;;;;"’e‘”‘e Befcxan HOsceTa ~AToRCHA TopiH (A4 1465.63 7585 17661 1062.00 640.9 -807.13 98.49 813.11 173.04 0.00 o
A-4 nopowsa 1645.57 75.85] 176.61 1106.00 684.96 -981.30) 108.81 987.31 173.67| 0.00 0|
XpucTodoposckmit ropuaokT (A-6 kposns) 2287.61 75.85 176.61 1263.00| 841.96 -1602.75 145.63 1609.36| 174.81 0.00] 0
Yconsoxan caura (A-6 nopowsa) 2459.37 75.85 176.61 1305.00 883.96 -1769.01 155.48 1775.82f 174.98| 0.00] 0
KOP 2484.30 75.85 176.61 131110 890.06 -1793.14 156.91 1799.99) 175.00! 0.00 0|
Yc (Mexconesoit) kposna 2838.87 41.37] 186.67 1493.34 1072.30 -2090.69 153.35 2096.30 175.80 3.00] 163|
EOC 2846.20 40.67| 187.00 1498.87| 1077.83| -2095.46| 152.78 2101.03) 175.83 3.00| 163
Ve NoAoLBa 2853.15 40.67| 187.00 1504.14 1083.10 -2099.96 152.23 2105.47, 175.85 0.00] 0]
9K 178 MM 2866.00) 40.67, 187.00 1513.89 1092.85 -210&2;' 151.20 2113 175.90 0.00 0)
KOP 2875.43 40.67| 187.00 1521.04/ 1100.00| -2114.37 150.46 2119.72] 175.93 0.00| 0
6-1 nopowsa 2999.87 X 187.00 1616.34| 1195.30| -2193.79 140.70 2198.30) 176.33] 0.00] 0
[5-2 spoens 3002.09) 187.00] 1618.04 1197.00]  -2195.20] 14053 2199.70] 17 0.00] o
[0 3030.00] m 187.00( 1639.42] 1218.38] -2213.01| 138.34 217.33] 176.42 0.00] of
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JTIOJATOK B
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Po3paxynok ceadyBanns npu CI1O

Homarok I'

Ta6muus I'.1 - Pospaxynoxk ceabysanns npu CI1O 3 posunnom 1,50 r/cm 3

1 Drill String Triy Mud Weight: 1.5 sp.gr. Trip Time: 1.70 hr rator: SOM *
Ml swg’_—__;/ er-Bazd l‘:d Temralae: @25&&9 Parg Pt:asm: 1880 sp.gr. \\?eTllame' 5 VIRTUAL HYDRAULICS
Tripping (MW-150sg) PV@25°C): 32 cP Min ECD @Shoe: 1911 spgr. o
A Sehlumbergar Company Cavng e 116 5 - SrH- Wi ECD @1 1260 spr. Location: Irkutsk SwabPro*
e Ml S 4 1A Total Degth: 3030 m LSYP: 18 i1 00ft? Min ECD OH: 1880 sp.r. Country: Russia
Depth Well Geometry Angle PV (cP) Temperature Velocity (misec) ESD Fixed Gauge Dyn Gauge Depth
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P Drill String Tri Mud Weight: 138 spar. Trip Time: 1.67 hr ator: SOM *
M. SW;A_E}J Tmm-h?d:d Tmpm;:c:.: gz::f':’ :Ec;:rmn: 1,880 spar. m,_; 365 VIRTUAL HYDRAULICS
chiumber ipping (MW-1.88s; : 67 1882 spa. :
ey c:s?:g'gg?‘m : 4 - linmo%: 1360 spy. Location: Irkutsk SwabPro*
1885 20M 1SWACO WAl IO L 63 Total Depth: 3030 m LSYP: 11 bi00#/? Min ECD OH: 1.880 spar. Country: Russia
Well Geometry Angle PV (cP) Temperature Velocity (misec) ESD Fixed Gauge Dyn Gauge Depth
(m)  womD Csg0DID () YP, LSYP (Ibi100t?) (°C) Acceleration (m/sec’) (sp.gr) (spgr) (sp.gr) (m)
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MornnHaHHA

HesHauHe norAMHaHHA
meHwe 5m°
Mpokayka
KaZibMaTyHo4Oi Navykm

CepepHsA IHTEHCUBHICTb
5-10 m3/u
3ynuHUTK BYpiHHSA,
NpOoKayaTh Ka/ibmaTytouy
nayky

MoBHe NorAMHaHHsAE
Byposi Hacocu anis
[0/uBa B 3aTpy6

noaarok /1

Ta6auusa /1 1 - Onepaniiina matpuus MPD

PexoMenpauii npu yckJagHeHHsX nig yac Oypinns 3 MPD

YcKknagHeHHA npu 6ypiHHi 3 MPD

/

I

Mpossu

|

HeTt nputoka | |

V <1 m® (1 mun) | |

N ——

>

V>1m3(1xs)

If

24 atm < SBP < 40 atm; 580 psi < SBP < 880 psi

¥ v v
—» IMratHoe 3ynuanTH Gypinss i BigipaTucs Big BuGoto. [lami: 3arepmeTH3yBaTH CBEPIVIOBHHY:
Gyperue 1. Cryningacro 36utbimtu SBP 10 3ynunku npumms (xo 50 atm / 735 psi); 1. 3ymunuTn Hacoc;
2. He 3MiHI0I09H BUTpaTa HACOCY BAMATH IIPHILTHB 10 METOIOM OypHIIbHHKA (HE 2. 3arepMeTH3YBATH CBED/UIOBHHY HA
JIONyCKATH TaJiHHs THCKY Ha CTOSIKY); apoceni MPD;
3. CKopuryBaTH MPOTUTHCK, TYCTHHA PO3UMHY. 3. 3axpuru IIVT; .
KouTposioBaty craH po3unHy. Y BUNAAKy XiMi4HOI arpecii i BTpaTd MUIIMHHOCTI 4. Hepgﬂa‘m CEEREOEHEVENUT —
nepeiitn B KOPUYHEBY 30HYy ([u1s1 3a1100iraHHs BIy4eHHIO PO3YUHY B Ia30BY YNpaBiHHs OypoBOTO MiAPsIHIKa;
ninito MPD) 5. OGBaKHUTH PO3UMH VTS
3HIKEHHS TIPOTHTHCKY.
40 atm < SBP < 60 atm; 580 psi < SBP < 880 psi
v v v
He synunstn Gypinns: 3arepmeTH3yBaTH CBEPIUIOBHHY: 3arepMeTH3yBaTH CBEPVIOBUHY:
1. ELIT narynk; 1. 3ynunuTHHACOC, 1. 3axpuru I[IVT;
2. Bt/ Bu; 2. 3arepMeTn3yBaTh cBepUIoBHHY Ha apoceni MPD; 2. Tlepesaty CBEpIUIOBHHY
L 3. TpeH 3MiHH yCKJIaHEHb 3. Bakpuru [1IYT; HiJ ynpasiiHHs GypoBoMy +—
JIpoccest; 4. Tlepenath CBEPIUIOBHHY i/l yNpaBJliHHsA OypoBOMY MaicTpy; TIIPSTHHKY .
4. O6BaXKHEHHIT PO3UHH JUIS 5. OOBaXHEHUH PO3YUH JUIS 3HIDKEHHS IIPOTHTHCKY.
3HIKEHHS! IPOTUTHCKY.
60 atm < SBP < 80 atm; 880 psi < SBP <1170 psi
v v v
Bynunuty Gypinms: 3arepMeTH3yBaTH CBEP/UIOBHHY 3arepMeTH3yBaTH CBEP/UIOBHHY:
1. 3ymuanmn Hacoc; 1. 3akpurn ITYT; 3. Sakpuru ITYT;;
2. 3arepmerusysary cepiUIoBuHy Ha apoceni MPD; 2. Tlepenaty CBEPUIOBHHY IIiJ| 4. Ilepenaru CBepUIOBUHY Mi
3. axpuru VT YTpaBItiHHS GypoBOMY MaiicTpy. YIpaBIiHHs GypoBOMY MaiCTpy. -+
4 TTepesipuTh noepxHese obnaaHanns MPD na 3.
HAsBHICTb MPOOKH, CMITTSI;
5. YCKIaIHATH PO3YHH TS 3HIKEHHS TIPOTHTHCKY

SBP > 80 atm; SBP >1170 psi

v

v

3arepMeTH3yBaTH CBEPUIOBUHY:
1. 3akpuru ITYT;

v

BiamoBa 3BOPOTHMX KNanaHiB

V BHIIaJIKy BUSBIICHHS IIEPETiKAHHS

4epe3 TPYOHHMII IPOCTIp OYPHUIBHHKY
HEoOXi/THO:

1. INoBimomuru cynepsaiisepy MPD

0 mepenuBi i3 Tpyo;

2. HasepuyTu CBII, noyaTi LHpKyJIALi0 Ta
cnpoGyBaTH MPOYNCTHTH 3BOPOTHI KJIaNaHu
KHBK npomuBanzsam npotsarom 10-15 xs.
3. BUMKHYTH LHPKYJISIIIO, CIIOCTEpiraTh 3a
THCKOM Ha CTOAIKY;

4.Y BUNIAZIKY BiICYTHOCTI 3pOCTaHHs

THCKY PaxyBaTH BiIUMIICHHS KJIaNaHiB
YCIiLIHOIO;

5. Binseprytn CBII i nepeBipnTn Ha nepesnms;
6.V pasi 3pocTaHHs THCKY Ta
HEMOXKITMBOCTI BiTHOBJICHHS POOITHHKA
cTanu 380poTHUX KnanaHiB KHEK

3pOOHTH INIYIIIHHS CBEPIOBHHU
3aKadyBaHHAM 00TsLKeHoro bP;

7. Buxonartu CITO st 3MiHH 3BOPOTHHX
i3 KHBK.

2. Ilepenaty CBEPUIOBHHY IIij
yIpaBiiHHs GypoBOMY MaiicTpy.

\ 4

HectabinbHicTb cTBONA

A4

TlocTynoBo 301IBIINTH  IPOTHBUKHHAN
THCK IO JIKBiauil yCKiIajHeHHs.
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