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Technological Advancements to meet Drilling
Challenges in High Angle and Horizontal wells/
llepedoebie mexHosI02UU OJ1s1 peweHuUs1 npobsiem,
803HUKaroWUX 8 npouyecce bypeHuUsi KpymbIx
HaKJIOHHbIX U 20PU30HMasibHbIX CK8aXUH

Robello Samuel/Po6anbo CaMbroan
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Mporpamma obLiecTBa MHXEHEPOB-HEDTAHNKOB C y4acTUeM
BblJatOLLNXCS NTEKTOPOB
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Outline/Copepxanne

Q Drilling Space and History/
NMpocTpaHCTBO N nctopmsa GypeHus

* Drilling Challenges/
lNMpob6nembl, BO3HUKaKOLWMe B npouecce

ovpeHus

‘!. Advancements in Technologies/
YcoBepLeHCTBOBaHHbIe TEXHOSOMMU
* Summary/
CBogHaa nHcgpopmauuns
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Which bleeding edge technology will you deliver?/
Kakyro HoBeULUYyH TeXHOMOoru Bbl npegnaraete?

® Miniaturization of downhole tools/
YMeHbLUeHne pa3MepoB CKBAXNUHHbIX MHCTPYMEHTOB

- Radical new sensors/
NMpnHUMNUanNbLHO HOBbIE AaTYUKU

" High speed telemetry/
BbLICOKOCKOPOCTHasA TernemeTpus

@

“

@

~Multi-point sensing/
MHOro30HHbIN COOpP AAaHHbLIX

- Data Analytics and artificial intelligence/
AHannTukKa gaHHbIX U UCKYCCTBEHHbLIN pa3ym

- Automation/
ABTOMaTu3auus

“

@



History/Uctopus

JOHN SMALLEY CAMPBELL, OF LONDON, ENGLAND, ASSIGNOR TO J. OTIS
COX, OF BROOKLYN, AND EDWARD A, PEIRCE AND THE CARROLL ALT-
MINUM MANUFACTURING COMPANY, OF NEW YORK, N. Y.

FLEXIBLE DRIVING=SHAFT.

SPECIFICATION forming part of Letters Patent No. 450,152, dated Ssptember El,' 1881,
Application filed Novensber 5, 1888, Serinl No. 329,347, (Nomodel) Pateuted in Eugland Augnat1, 1839, Na, 12,245,

To all whom it may concern:

Be it known that I, JOAN SMALLEY CAMP-
BELL, a citizen of the TUnited States, at pres-
ent residing at 10 Park Sguare E:‘e* HI gents |

Technology dates
back 2500 years/
TexHonorus BnepBble ObINa T loccisses
NG e
npuMeHeHa

AT '
2500 J'IeT Ha3aﬂ, Source: BHI/DOE Report/UcTtouynuk: Otyet BHI/DOE




Snapshot/History/Cratucmmka
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Sharp uptick in horizontal drilling/

Pe3knn ckayok B ropusoHTanbHOM OypeHuun
Source: BHI Rig Count/McTounuk: Moacyet BY BHI



Main Drilling Challenge Areas/
OCcHOBHbI€ NMpobGNeMHbIe acNeKTH

OypeHus

Wellbore
Placement/
NMpoBoaka
cTBONna

Well Integrity/
LlenocTHOCTb
CKBaXXWUHbI

Drillstring

Integrity/
LlenocTtHOoCTb
OypunbHOM

KONMOHHbI &

Hydraulics/
fmapaBnunyeckune
napameTpbl



StMain Drilling Challenge Areal
1-11 npoGnemHbIi acnexkT bypexus

P
”

Drillstring
Integrity/
LlenocTHOCTb
OypunbHOM
KONMOHHbI




Drillstring Integrity — Basics/
LlennocTHOCTL OypunbHOM KOMOHHLI —

BazoBas nHdopmauus

Pipe to hole/

Vertical Section/
Tpyb6a - ctBON

BepTuKanbHbIA y4acTOK

Horizontal Section/
Fopu3oHTanNbHbLIA Y4aCTOK

Bend Section/
YyacTok nsrmba

\ - -
Force Transfer/ #

MNMepeHoc ycunusa

9



Drillstring Integrity — Challenges/
LlenocTHOCTL OypvnbHOM KONMOHHLI —

MpobOneMHbLIe acneKkThl

® Weight transfer & Buckling/
[NepeHOC Beca u Bbiny4yuBaHue Tpyo
® Increased Torque and Drag/
YBennyeHne MOMEHTHbIX Harpy3oK 1 3aTsXKKa OypuUibHOW KONMOHHbI

e

' Vibration/Bubpauus
 Lateral Vibration — Bit/Drillpipe Whirl/
NonepeyHble BUOpauun — KpytunbHble KonebaHus
aonorta/oypurnibHoOM TpyObl
» Torsional Vibration — Stick/Slip/

TopcnoHHble BMOpaunn — 3aepaHue/npocKanb3biBaHMe OoonoTa
» Axial Vibration — Bit Bounce/

OceBble BMOpauun — lNoackakuBaHue gornoTa
® Excessive tubular Wear/
[NoBbIWEHHLIN N3HOC TPYOHbIX 3fIEMEHTOB

@ Wellbore heating/
HarpeB ctBona

10



Drillstring Integrity — Challenges/
LlenocTHOCTL OypvnbHOM KONMOHHLI —

MpobOnemMHbIe acnekThbl

¢ Tenyeenatlibesychntrct High heat generation due to friction/
BoRBUEEST ROD WA HCORTAKEM TOprBUEOM BbipaboTka 60nbluoro KonnyecTsa Tensia us-3a TpeHus

Surface Casing — 2000’/
KoHayktop — 2000’

F—

T — .~ S R R R—

set Itermediate casing/
YCT 1HOBIEHHasi NPOMEXYTOYHas KONTOHHa
' Production Casing — 6 %" hole/

\ OkcnnyaTauMoHHas KOrnoHHa — cTBoM 6 ¥4 arommMa

v

Source/ctouHuk: SPE 134512 - Shell
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Drillstring Integrity — Challenges/
LlenocTHOCTL OypvnbHOM KONMOHHLI —

NMpobnemMHbIe acnekThb

® Tubular Wear, quench cracks/
U3HOC TPYOHbIX n3genunn, 3akanoyHble

TPEeLLUMHbI

— Mechanical integrity/
MexaHun4yeckas LefioCTHOCTb

P‘#Bownhole tools wear/
M3HOC CKBaXWHHbIX MHCTPYMEHTOB

Pipe to hole/
Tpyb6a — cTtBON

— Expensive/Bbicokas UeHa

Courtesy: Apache/
JTto6e3Ho npegocraBneHo: Apache

v

R ...

12
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Drillstring Integrity- Advancements/
LlenocTHOCTL OypuInbHOWM KOMOHHLI —

YcoRepLueHCTBOBAHWS

Improved torque and drag modeling/
YcoBeplwieHCTBOBaHHOEe MOAeNIMPOBaHUE MOMEHTHbIX U NPOAOSibHbIX
Harpy3okK

Provide additional torque to Rotary steerables with mud motors/
NMpuaaHne AONONMHUTENbBHOrO KPYTALWEro MOMEHTa POTOPHbLIM
ynpaBnsiemMbiM CUCTEMaM C 3a0OMHbLIMU ABUraTensiMum

Vibration measurements through multiple tools/
3amepbl BUbpaLmMm MHOrouYncrieHHbIMM npubopamu

Tools to convert sliding to rolling friction such as agitator tools, tractors/
UHCTpyMeHTbI AnAa npeobpa3oBaHUA TPEHUA CKOSIbXXEHUSA B TPeHUue
Ka4yeHuUs, Takme KakK TypoynmsaTtopbl, TPaKTOpbI

Mechanical lubricants — glass, polymer/
MexaHun4yeckue nyopuKaHTbl — CTEKJ10, nonmmep

13



nd Main Drilling Challenge Areal
2-1 npobremMHbIi acnekT byperns

”~

”

Hydraulics/
f'mapaBnuyeckune
napameTpbl

Z

14



Particle Transport — Basics/
[MepeHoc TBepaoi dpasbl — bazoras mndopualwms

15



Hydraulics Challenges/
[TpobOnemMHbIe acneKTbl MMApPaBIMYeckux NapameTpos

® Cuttings bed and barite Sag/

@

CkonneHue wnama u
ocenaHue GapuTa

Annular Pressure
Management and Loss
Circulation/

KoHTponb 3aTtpybHoro
AaBfeHns U NornoweHus
pacTtBopa

C X

~
N

>

DO

(X
C—

alle

N/
o

mm
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Hydraulics — Advancements/
'MapaBnnyeckue napameTpbi —
YcoBepLueHCTBOBaHNSA

@

Mechanical Hole Cleaning Devices/
YcTpouncrtea Ans MexaHN4eCcKowu
OYUCTKM cTBONA

@

Small micronized weighting agent/
MukpoHusnpoBaHHasa gobaBKa-

yTAXeINnnTeslb Source: TUDRP/UcTounnk: TUDRP

@

Improved understanding and
modeling/

Jlyywee noHUMaHue U
MoaenupoBaHue

Source: M-I Swaco/Wcto4uHuk: M-I Swaco 17



rd Main Drilling Challenge Areal
3-11 NnpobneMHbIN acnekT bypenus

Well Integrity/
LlenocTHOCTb
CKBaXXUHbI

18



Wellbore Integrity — Basics/
LlenocTHOCTEL CTBOMa CKBaXMHIL —
Ba3oBas nHdopmaumn

.

< Bridging the collapse Pressure/Frac Gradient Gap/

YMeHbLUeHMe pacxoXaeHUsi nokasaTernien paspyLuarouero gasneHus/
rpagueHTa gAaBrieHUs ruapopaspbiBa nracra

Equivalent Mud Weight/
JKkeuesasieHmMHasi nJ;IomHocmb

6ypoeo20 pacmeopa

Fracture With chemical
Gradient/ effects/
TpewmHa Mpu ucnonb3oeaHuu

rpaAMeHT peaceHmoe

=

a—

Without chemical

CoIIapse effects/

Be3
ncrnonb3oBaHuA
peareHTOB

Pressure/
CmsaTtue
HaBneHune

0 Hole angle/Y2o0n HaknoHa cmeona 90

19



Wellbore Integrity — Challenges/
LlenocTHOCTEL CTBOMAa CKBAXMHILI —
[MpoGnemMHEIe acneKTbl

“

Wellbore Stability
Collapsing shale/carbonates/
YCTONYMBOCTb CTBOSIa CKBAXXUHbI
Ocbinaowmecs cnaHuybl/KapboHaTHbIe NopoAabl

=

Borehole erosion

Rippling — Slide mode

Spiraling — Rotary mode

Hour glassing — lateral vibration, slide & rotate/

Pa3mbIB cTBOMa CKBaXXUHbI

BonHooOpa3Hoe KopobrneHue — PeXXUM CKOSbXeHUs

OG6pa3oBaHue cnupanen — PeXxum BpawleHUs

OedeKkT a3KCTpy3nn — OOKoBbIe KorlebaHUus, CKONnbXeHne U BpaljeHune

20
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Wellbore Integrity — Advancements/
LlennocTHOCTL CTBONA CKBaXMHLI —
YcoBepLueHCTBOBaHNSA

Smooth wellpath with improved bit design

and downhole tools/

Mmaakumn npochunb cTBOMa NPU UCNOSIb3OBaHUN
yCcOBepLIeHCTBOBAaHHON KOHCTPYKUMN OOSNOT

U CKBAXXUHHbIX UHCTPYMEHTOB

Advanced measurement tools for borehole imaging/
lNepenoBble namepuTesibHble UHCTPYMEHTbI AJA
CKaHNPOBaHUSA CTBONA CKBaXXWUHbI

Improved salinity control to inhibit shale activity levels/
YcoBepLieHCTBOBaHHasA CUCTEeMa KOHTPOSS CTeneHun
MUHepanusauuv gns UHrMoOMpoBaHNA aKTUBHOCTMU ITIUH

21



Wellbore Integrity — Advancements/
LlennocTHOCTL CTBONA CKBaXMHLI —

YcoBepLueHCTBOBaHNSA

Azimuthal density imaging and acoustic standoff imaging tools
used to map the borehole breakout/

A3nMyTanbHOE NMMOTHOCTHOE CKaHUPOBAHUE N aKyCTUYECKOE
CKaHMPOBaHME C OTKNOHEHUEM OT CTEHKM CTBONA,
ncnonb3yemMble Anst KapTUpPoBaHUS 30H
KaBepHOOOpa3oBaHUS

Irregular hole shapes — Eyeliding/
HenpaBunbHble naodpaxeHusa creornia — Nomexu

22



Wellbore Integrity — Advancements/
LlenocTHOCTEL CTBOMA CKBaXWHbLI —

YcoBepLueHCTBOBaHMSA

Foam Cement/TleHouemMeHT

@

Chemical spot sealing/
Toye4yHoe XMMUYECKoe YNNOoTHEeHUe

@

Resins and Polymers spot sealing/

' 7”L[i)n“e"ri;‘9 Toye4yHoe ynnoTHeHue ¢ UCnosib30BaHUEM CMON U

XBOCTOBUK 7”

Collapsing Shale/
OcbinatoLuics cnaHey

Pipe Sticking/lNpuxeaTt Tpy6bl

Resin Film/

CmornsiHast

rniieHKa

Shale/ B ' Cement/

[MuHucTasa nopoda [ - LemeHm

Pay/
[MpoAyKTUBHLIN
TOPU3OHT



Fracture Uncertainty Challenge/
HeornpeneneHHOCTH JaHHLIX O TPELMHAX —
[TpoGnemMHLIe acneKTbl

Simultaneous operations(frac & drilling) resulted in wellbore
pressures in shale drilling/

OaHoBpeMeHHOE BbIMNOMHEHME onepauun (rmgpopaspbiB U
OypeHne) NpnBENO K POCTY AaBIIEHNS B CTBOSIE Npu DypeHun
[MUHUCTLIX MHTEPBAIIOB

24



Fracture Uncertainty — Real Time Analysis/
HeonpeaeneHHOCTH AaHHbIX O TPeIMHAEX —
AHanus3 B peanbHOM BPeMeHM

3D Visualization to prevent fracture interference while drilling/
3D — BM3yanusauma ans npeaorspalleHns B3anMoBIINAHNUA OT
rmgpopaspbiBa B npouecce bypeHus

-

R
T

LY T T T L

)

Source: SPE 159721/McTounnk: SPE 159721 25




thMain Drilling Challenge Areal
4-1 NnpobremMHbIi acnekT byperns

Wellbore
Placement/
NMpoBoaka
cTBona '

26



Wellbore Placement — Basics/
[lpoBOAKa CTBONA CKBaXMHLI —
Ba3oBasi nHdopmalms

Well Landing
Build Angle/

BbiX0A, HA rOPU30OHTa/IbHbI
YYacToK CTBOJIA

Ha6op yrna

e

Imminent Exit

Drop Angle/
Mpubnuxaiowmniica BoIXoA,

Yron napeHus

Maximum Reservoir
Contact/
Makc. konnekTop
KOHTAKT

Imminent Exit
Build Angle/
Mpr6ANKAIOLLMIACA BLIXOA
Ha6op yrna

Toolface Control/
YnpaBneHue
NosfIoXXeHnem
OTKINTIOHUTEenNs

27



Well Placement — Challenges/
[lpoBOAKa CTBOMA CKBAXMHILI —

lpo

ONneMHbIe acneKkThl

e

e

e

e

L

True Vertical Depth Control/
KoHTponb ¢pakTuyeckon BepTUKaribHOM
rMyoOuHbI

Collision Avoidance/
UcknioyeHne BO3MOXHbIX NepecevyeHnmn
TpaeKTopui CTBOJIOB

Fracture avoidance/
UcknioyeHune paspbiBa

Wellbore interference/
B3anmoBnusHue cTBONOB

Proximity placement/
Bbnunskoe pacnonoxeHue

28



TVD Control — Advancements/
KoHTponb rmybuHbl — YcoBeplueHCTBOBakMS

Static Survey/3amep B CTaTUYECKNX YCITOBUSAX

VNN
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Dynamic Survey/
3amep B ANHAMUYECKNX YCITOBUSIX
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Real-Time Data — Advancements/
[laHHbIe B pearbHOM BpeMEHN —
YcoBepLueHCTBOBaHSA

® Maximize contact with the reservoir by steering precisely in the zone of interest/
MakcumanbHbIM KOHTAKT C KONMMEeKTOPOM NyTeM TOYHOIro HanpaBfieHUS B UHTEPECYIOLY 0 30HY

e

Dynamic updating of Geological model based on real-time/
OdunHamnyeckoe o6HOBMNEHME reonnorM4ecKon Mogenu Ha OCHOBE AaHHbIX, NOJTyYeHHbIX B pPeXxXume
peanbHOro BpeMeHu

e

Predict ahead of the bit to rapidly generate look ahead plan based on updated Geological model/
Onepexarouiee NporHo3npoBaHmne GypeHus ans 6bLICTPOro co3gaHMA nnaHa ganbHeuwmux
AEeUCTBUN Ha OCHOBEe OOHOBIIEHHOMW reonorn4Yeckon mogenu

.
Cay

9 V0

: ; —
" —

g DE
tav -

30



Challenges, advancements progress.../
[TpobrieMHbIe acrnekThbl, yCOBepPLUEeHCTBOBaHUS,
pa3BuTuKe...

Challenges remain/HepeLlieHHbIe MpoodrieMsbl...

< Axial force transfer/
lNepepnaya oceBoro ycunus

< Hole cleaning/
OuucTtka cTBona

@ Wellbore stability/
YCTOMUYMBOCTL CTBOMAa CKBAXUHbI

< TVD control and real-time data/
KoHTponb chaktnyeckom BepTUKanbLHOMU rMyouHbl U AaHHbIX B peXume
pearibHOro BpeMeHu

< Reliability of tools/
HapeXHOCTb MHCTPYMEHTOB



Key Points.../
KriroueBkbie MYyHKTHL...

()

Improved technologies have provided capabilities to drill further to some
extent/

YcoBepLieHCTBOBaHHbIe TEXHONIOrMU NpeaocTaBuUiiu BO3MOXHOCTU OYypUTb
rnyoxe B onpenerieHHON cTeneHun

()

Industry is responding to the needs but more advancements needed
through continuous research/

OTpacnb oTBe4yaeT NOTPeOHOCTAM, HO HEOOXOAMMO AanbHeullee
COBepLUeHCTBOBaHMEe Ha OCHOBEe HeMnpepbIBHbIX UCCIief0BaHUN

()

Better use of real-time data and automation to meet the challenges
instantaneously/

Jlyywe ncnonb3oBatb AaHHbIe, NONY4YEHHbIE B PpeXXUmMe pearibHOro
BpeMeHU, U aBToOMaTu3aLumio Ans MrHOBEHHOro pearmpoBaHus Ha
OCIOXXHEeHuUA

()

Some of the problems cannot be fixed but can be mitigated/
HekoTopble npob6rnemMbl Hesflb3s1 YCTPaHUTb, HO UX NOCNEeACTBUA MOXHO
CMAr4YnTb



Which bleeding edge technology will you deliver?/
Kakyr HoBeuLLlYH TeXHOMNMoru Bkl npegnaraete?

@ Miniaturization of downhole tools/
YMeHbLIeHne pa3MmepoB CKBaXUHHbIX MHCTPYMEHTOB

- Radical new sensors/
NMpyHUMNUanNbLHO HOBbIE AaTYUKU

@

" High speed telemetry/
BbICOKOCKOpPOCTHasA TenemeTpus

@

- Multi-point sensing/
MHOro30oHHbIN COOpP AaHHbIX

(=

@

- Data Analytics and artificial intelligence/
AHannTukKa gaHHbIX U UCKYCCTBEHHbIN pa3ym

® Automation/

ABTOMaTU3auus
33



Robello Samuel

@ Robello.samuel@halliburton.com
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