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Conepxaxue [ Agenda

mBBeneHne
Introduction

=0bnact NpUMEHEHNSI N OCHOBHBIE XapaKTEPUCTUKY
KOHCTPYKLWK rubpuaHoro gonota
Hybrid Drill Bits Applications and Design Features

=MwupoBoW OnbIT M BO3MOXHOCTU npumMeHeHnsa B PO/CHI
WW Case Histories and Opportunities in Russia Caspian

=0ObcyxaeHue
Discussion



BeeneHwue. CoBpemeHHble Tumbl bypoBbix [onoT
Introduction. Modern Drill Bit Types

PDC TCI IMP



YnpouleHHaa MexaHuka Paspywerus [Nopoael
Simplified Rock Crushing Mechanics

Markue nopogbi / Soft Rock Teeppable nopoabl / Hard Rock

Pe3ubl PDC 3ybubl LLapOLUKHK MmnperHnpoBaHHasa maTtpuua
(Pe3aHue) (CkanbiBaHue) (UcTupanue)
PDC Cutters TC Inserts Impregnated Diamonds

(Scrapping) (Shearing) (Plowing)



3ayem HyxHbl ['nbpuaHsle Jonota?
Why Hybrids?
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Bubpauum OpueHTUpoBaHue oTkNoOHUTENa OrpaHunuyeHuAa 6ypoBoro cTaHKa

Vibrations Toolface Control Rig Limits



Pa3pabatbiBaemble TexHonorun mbpuaHbix [Jonot
Hybrid Drill Bits Technologies in Development

TexHonorusa, paccmatpmsaemas B AaHHOMN Npe3eHTauum
Technology of focus in this presentation



YnpouleHHaa MexaHuka Paspywerus [Nopoael
Simplified Rock Crushing Mechanics

CKanwvieaHue
MeHbwe ckopocmeo
bonbwe cmolikocmeo
MeHbwe momeHm

Shearing
Slower
Durable

Less Torque

Pe3aHue
bonbwe ckopocmeo
MeHbwe cmolkocmb
bonbwe momeHm

Scrapping
Faster
Less Durable
Higher Torque

JeoliHoe delicmeue
bonbwe ckopocmeo
bonbwe cmolikocmeo
MeHbwe momeHm

Dual Action
Faster
Durable
Less Torque
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CpaBHeHue Npodmnen 3abos
Bottomhole Patterns




Obnactb [MpumeHeHus 'mbpuaHoro fonoTa
Hybrid Drill Bit Application

Abpa3snsBHoCTb ropHoi nopoabl / Rock abrasiviness

TBepmocTb ropHoit nopoapbl / Rock Strength — ee—)




BapuaHTbl MicnonHeHus
Hybrid Drill Bit Designs (Examples)




«Jlyyluee ns gByx MMpoB». BoopyxeHue
«Best of both worlds»: Cutting Structure

Impact Resistance

o  CTOMKOCTb K CKanbiBaHuto /

CTOMKOCTb K abpa3suBHomy usHocy /
Abrasion Resistance



«Jlyyluee ns gByx MMpoB». BoopyxeHue
«Best of both worlds»: Cutting Structure

Polished cutters

Non-polished cutters

= [lonupoBaHHas NoBepxXHOCTb
Polished surface

= [1BoiHbIE hackm
Dual chamfers

= [IpogunnpoBaHHble pesLibl
Shaped surface




«Jlyyiee 13 aByx MMpoB: [MoALWMNHNKOBBIN Y3en
«Best of both worlds»: Bearings / Seals

® EIMHCTBEHHOE B OTPACIM 3anaTeHTOBAHHOE MeTanIMyeckoe YnnoTHEHWE NOAWMMHIUKA
= Unique patented metal-to-metal face seal



JTabopaTtopHsble VccnenoBaHus
Lab Tests

b }Jk ; 5 4| The industry’s most advanced
3 : Drilling Technology Laboratory

i Is located at the Baker Hughes
fadility.in The Weaodlands, Texas.

-

3 Tuna ropHbix nopog / 3 rock types
» Mpamop / Carthage marble (15 kpsi UCS)
 KapuuToBbIn necyaHuk / Jasper quartzite (36 kpsi UCS)
* [abbpo / Gabbro (49 kpsi UCS)



Torque

JTabopaTtopHsble VccnenoBaHus
Lab Tests

Torque vs. Depth
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= B nepemexaromxcs nopogax rmopuaHoe byposoe 40noTo reHepupyet bonee

CTabUNbHbIN PeaKTUBHbIA MOMEHT

® |n interbedded formations hybrid drill bit generates smooth torque response




JTabopatopHble VccnenoBaHus
Lab Tests

ROP

ROP vs. Depth
- Carthage 6”

PDC
35

Jasper3”
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Carthage 6”
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Depth

= B nopogax CpeaHem 1 BbICOKOW TBepaoCTy rmbpuaHoe bypoBoe 40N0TO NPeBOCXOAMUT
PDC no mexaHn4eckom CKOpoCTH

® [n medium and hard formations hybrid drill bit outperforms PDC




[Tpumep 1. KaHaga. [NepecnavsatoLimecs nopoapl
Case History 1. Canada. Interbedded formations

. =  [opHble Nopoabl BLICOKOW TBEPAOCTH, BKIoYas
% . U3BECTHSIK, JONTOMUT, KBapLEBbIV NeCcYaHuK

« Habop yrna 20-90 rpaa, anuHa 300 m
* bBbonblwon yron nepekoca B3[ (>2 rpan)

Charlie Lake

« UapoweyHsble gonoTa no kogy IADC 617-637

» CpenHsa npoaosmkmTenbHoCTb penca 80 m

Halfway

» Tpebyetca 3-4 gonota ansa dypeHust cekumm

« MCI1 meHsieTca ot 0.5 m/4 oo 3 m/y

Upper Doig

Doig

« High-UCS rocks, incl. limestone, dolomite
and quarzitic sandstone

Basal Doig * Curve section 20-90 deg, 300 m long

Montrey  High AKO angle on PDM (>2 deg)

e Only rollercone bits of IADC 617-637 used
* Avg bit life 80 m, 3-4 bits required per section
 ROP varies 0.5-3 m/hr




[Tpumep 1. KaHaga. [NepecnavsatoLimecs nopoapl
Case History 1. Canada Interbedded formatlons

[o pewnca MNocne pelica
Before run After run

* Yron nepekoca Ha B3[] 2.38 rpan, obecneyeHa MHTEHCUBHOCTL 8 rpaa/30 m

« Kaxpasa cekumsa Ha 2 ckBaxkuHax oTbypeHa 3a 1 peuc, cpegHas MCI1 4.2 m/y

« PDM AKO set to 2.38 deg, consistent BUR 8 deg/30 m provided

 Each section on 2 wells TD'd in one fast run, avg ROP 4.2 m/hr per section



BosmoxHocTb 1. TumaHo-[1evopa
Opportunity 1. Timano-Pechora

Slant and horizontal well profiles Well lithology
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BosmoxHocTb 1. TumaHo-[1evopa

Opportunity 1. Timano-Pechora
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[MepecnanBaHune ropHbix nopog npmueoguT K Heynpasnaemoctn KHBK ¢ gonotamun PDC

Frequent interbeds cause poor steerability of BHA with PDC bits
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[Mpumep 2. CLLA. TBepable nopoab!.
Case History 2. USA. Hard Rock Drilling.

Depth vs. Days

Solid Lines =
Total Rig Time

Dashed Lines =
On Bottom Drilling
Time

Focus Well




BoamoxHocTb 2. [Tepmckuin Kpa.

Opportunity 2. Perm Region. *  TUNWUYHBINA N3HOC B OKPEMHEHMSIX
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Peanu3osaHHas Bo3mMoxHOCTb. KasaxcTtaH.
Successful Deployment. Kazakhstan.

ROP m/hr
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[pumep 3. Konymbus. Ctuk-cnun.

Case History 3. Colombia. Stick-Slip.
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[Mpumep 4. bpasunus. Bubpauwum Ha MNnoTHbIX [Nponnactkax
Case History 4. Brazil. Hard Stringers Induce Vibrations

ROP5 VIB_LAT , VIE_TOR : VIB_X

I 1 T
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- lNepecnanBaHne meprenen 1 4ONIOMUTOB

» BbicOkne 60KkoBblE 1 TOPCUOHHBIE BUOpaLnmn Ha
NPOTSKEHUN BCero penca gonotom PDC

- Konbuesoun nsHoc gonot PDC
« Interbedded marl and dolomite

Depth (meters)

 Lateral and torsional vibrations throughout the run
- L ~ « PDC bits ring-out

Days



BoamoxHocTb 3. CaxanuH
Opportunity 3. Sakhalin
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« TBepable NPoOnNnacTkn CLEMEHTUPOBAHHOIO NecyYaHMka NpuBoaAT K peskum notepsam MCI,
NoBpeXaeHUo OoNoT U 3abonHoro obopyanoBaHms

« Hard calcite stringers cause sudden ROP losses, drill bits and downhole tools damage
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[Tpumep 5. Pymbinus. Huskaa MHTeHcmBHOCTL Habopa Yrna

Case History 5. Romania. Low Build-Up Rate
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BbiCOKMe 3HayeHna aMnnmTyabl USMEHEHUS KpyTsLLero MoMeHTa Ha gonote PDC npusenu K
OTCTaBaHMIO OT MSIAaHOBOIo NPOUNA CKBaXXMHbI MO 3€HUTHOMY Yriy v H1u3kon MCIT

3ameHa gonota PDC Ha rmbpugHoe nossonusia ctabunmsanpoBaTtb KPYTALWLMA MOMEHT U
BEPHYTbCA Ha NSIaHOBbLIW NPOMUNbL

High torque deviation amplitude on PDC drill bit led to falling off-plan in inclination and
decreased average ROP

After substitution with the hybrid bit, the torque response became smooth and toolface was
stable. This allowed the DD to catch up with well plan



Bonpochkl?
Questions?
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