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1. Y kaxxgoro npoussogutena 6ypoBbiX AOSIOT €CTb
cobcTBeHHaA TEXHONOrMA pa3paboTKU KOHCTPYKLUKN
porsot. Kakum o6pa3om HOBble METOAUKU
KOHCTPYUpOBaHUA A0NOT NOMOraloT NOBbICUTb UX
HaAeXXHOCTb U 3(hPEeKTUBHOCTbL?

SMITH: Komnaxma Cmut butc (Smith Bits) B kadecTse
nnatgopmbl ANA NPOEKTUPOBAHMA ONOT UCNONb3yeT
CcOBCTBEHHYIO pa3paboTKy — NPOrpaMMHbI NakeT
IDEAS® (Integrated Dynamic Engineering Analysis

System) KOMMNNIEKCHOro ANHAMMYECKOro MOAENMPOBaHNA.

PaspaboTaHHaA B 1996 . AnA NpoeKTMpoBaHWA
LIapoLUeYHbIX AoroT, nporpamma ¢ 2003 T.
NCMonb3yeTCcA Af1A CO34aHNA N COBEPLUEHCTBOBAHUA
koHCTpykumin gonot PDC, n ABnAeTcA Hanbonee
TOYHOM 1 COBEPLLEHHON NPOrpaMmmMon AMHaMUYECKOro
MOAENUPOBaHWA, CMOML3YEMON B HAcTOALLEee BpeMA B
HedpTerasoBow oTpacnm AfnAa NPOeKTUpoBaHMA 6ypoBbIX
ponoT. Nporpamma IDEAS® ncnonbsyetca B Ka4ecTse
WHCTPYMEHTA ANA TPEXMEPHOrO MOAENUPOBaHWA B
peasibHOM BPEMEHM C UCMOSIb30BaHNEM aHanunsa no
MeTOAY KOHEYHbIX 3/IEMEHTOB, 1 NO3BONAET TOYHO
BOCMNPOWN3BOAUTb M NPEACKa3biBaTb MEXaHNYECKoe
noBeaeHne Bcen bypunbHOM cuctembl. Takasa mogenb
BECbMa CyLLECTBEHHO 3aBUCUT OT AaHHbIX, BBOAMMbIX
B NporpamMmy AJj1A KaXX4oro aHannsa, KoTopbii, B

CBOIO 04epeapb, NO3BOMAET CNPOrHo3npoBarb paboTy
[0N0Ta HOBOW KOHCTPYKLMM eLle A0 ero NPo6HbIX
oTpaboTok. OHa Tak>xxe NO3BOMAET Y4YMTbIBATb CUMbI,
BO3HMKaloLLMe Npu B3aMmMOA4ENCTBIM Pe3L0oB AonoTa

C NMOPOAOK B CaMbIX PasfNYHbIX YCIOBUAX Paspesos,

a TaKxXe y4MTbIBaTb MEXaHNYECKNE XapaKTEepUCTUKN
BCeN 6ypuNbHOW KOMOHHbI, NapamMeTpbl MPUBOAHOIO
ycTponcTBa fonoTa (3abovHbI ABUraTenb, pasfnyHble
cnocobbl OTKNOHEHWA A0M0Ta B YNPaBiAeMbIX POTOPHbIX
KOMMOHOBKax, Typ6o6yp 1 T.M.) u npocuns cteona
CKBaXXVHbl.
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1. Every bit manufacturer has its own process of design
- what new design techniques are being used to
maximise bit quality?

SMITH: Smith Bits uses its unique and patented IDEAS®
(Integrated Dynamic Engineering Analysis System) software
as a bit design platform. Developed initially for roller cone
bits in 1996, it then became the platform for PDC bit design
in 2003. The system is the most accurate and advanced
simulation software currently used for drill bit design in the
petroleum industry. IDEAS® is a timed-based, 3-D modeling
tool that uses finite element analysis to accurately simulate
and predict the mechanical behavior of the entire drilling
system. The model is extremely sensitive to the data that

is entered for each analysis, and the analysis allows the
performance of a new bit design to be predicted before

the prototype is run. It also takes into account the forces at
rock-cutter interface in numerous lithologies, the mechanical
properties of the entire drill string, the exact drive system
(PDM, point-the-bit or push-the-bit RSS, turbines, etc.) and
the well profile.

Even though this system is in its 11th year of use, the
model is continually being refined and updated to include
new lithology information and the latest downhole tools.
This allows IDEAS® to stand alone as the most powerful
engineering design tool in the oil industry.

REED: ReedHycalog, as one of the worlds leading
suppliers of drilling bits, understands what factors lead to the
wear and damage seen on bits when they are used in most
drilling applications. Engineers utilise this understanding

to incorporate features that address specific wear
characteristics in order to maximise performance of the bit.

For example, we have recently developed a design
programme that can objectively analyse lateral stability of



W xoTa nporpammHbin komnnekc IDEAS® ncnonb3yeTtcaA
y>Xe B TedeHue 11 neT, OH NOCTOAHHO COBEPLUEHCTBYETCA
1 OOMOMHAETCA HOBbIMM AAHHBLIMMW MO JITONOMMN U
nHcbopmaumen o HoBenweM 3a60NHOM MHCTPYMEHTE.
3710 genaet cuctemy IDEAS® yHMKarnibHbIM U MOLLHbBIM
CpeacTBOM MPOEKTMPOBAHMA MOPOAOPA3PYLIAIOLLErO
WHCTPYMEHTa ANnAa HeddTerasoBom oTpacnu.

REED: Cneunanuctam 0gHOro u3 BegyLmx MMpoBbIX
npovssoguTenen bypoBbiX 4ONOT - KOMMaHUM
PuoXankanor (ReedHycalog) — OTAM4HO M3BECTHDI
hakTOopbl, NPUBOAALLME K U3HOCY U MOBPEXAEHNIO AONOT
B CaMblIX passfiMyHbIX YCNOBUAX MX paboTbl. 3HaHNe 3Tmx
(haKTOPOB MO3BOMAET MHXXEHEPaM-NPOEKTMPOBLLNKAM
paspabartbiBaTb U BHEAPATL HOBbIE KOHCTPYKTUBHbIE
OCOBEHHOCTM OOMOT, NO3BONAIOLLME YTYHLINTD
N3HOCOYCTOMYMBOCTb Pa3/IMYHbIX Y3M10B A40oTa U
noBbiLaroLwme appeKTMBHOCTb ero paboThl.
Hanpumep, komnannen PugXankanor HegaBHO

6bina paspaboTaHa cneumanbHana nporpaMmmva

ANA NPOEKTMPOBaHMA OOMOT, obecneynBaroLan

0O BEKTUBHbBIN aHaNM3 NonepeyHon yCTONYNBOCTM
ponot PDC, BaxHoro cpaktopa, 0T KOTOPOro 3aBUCAT
CTONKOCTb 1 AONTOBEYHOCTb AOMNOT.

AHanormyHble NporpamMmmbl MOAENMPOBaHUA
MCMonb3yTCA ANA WapoLLeyHbIX AoMoT. Kpome Toro,
Mbl UCMOMNb3YEM HOBEWLLUNE METOAVKM U TEXHOMOrN

ANA N3roToBneHna 6ypoBbIX AOMOT, LUMPOKO NPUMEHASA
HOBble HETPAAMUMOHHbIE MaTepuasbl, obecneymBarome
CYyLLEeCTBEHHOE MOBbILEHNE abpa3nBHOM
N3HOCOCTOWMKOCTU LIAPOLLEK, MPUMEPOM Yero ABNAKTCA
Halum JonoTa ¢ ope3epoBaHHbIM BOOPY>XXEHUEM CEpPUM
TuffCutterTM pnAa MArkMx nopoga.

MpounssoanTeny AoMoT NOCTOAHHO COBEPLUEHCTBYIOT
cBou nsgenua. Mo mepe yBennyeHnsa noTpebHoOCTH B
[onoTax, obecneynBaroLLMX NOBbILEHWE NMPOXOAKN Ha
[ONOTO U BypeHne TEXHUHECKUN CINOXHBIX CKBaXKMH,
6ypoBan oTpacsb 0OXUAaEeT, YTO NPOU3BOANTENM
CMOryT NpenocTaBuTb A0M0Ta, CNOCO6HbIE paboTaTb
C MakcnmMarnbHON ahheKTMBHOCTBIO, 4TO obecneyunT
onepaTtopam 3Ha4YUTENbHYH SKOHOMUIO 3a CUET
CHVKEHWNA CTOMMOCTU BypeHuA.

VAREL: lnAa npoekTMpoBaHMA HOBbIX 4ONOT
WH>XeHepbl KoMmnaHuu Varel ncnonb3yoT cneunansHo
paspaboTaHHbIN KOMNaHUEN nakeT NpPorpaMmMHbIX
CPeacTB, NpeaycmMaTpuBaroWwmnx NoHOCTLIO
“uncbpoBon” Noaxon K Npoueccy NpoeKTUpoBaHua,
YTO NO3BOJIAET CBECTU K MUHUMYMY HYENTOBEYECKUN
gakTop. [JaHHbIN NakeT BKIIOYAET Takue nporpaMmel,
kak GeoScience, SPOT, Pro-E, CFD n Pro-E
manufacturing.

Mporpamma GeoScience no3BonAeT NPoBOANTb aHaNM3
CBOWCTB NopoApl, KoTopana byaeT pasdbypmsaTbeA,
BKJtOYAA pacyeT Takmx NapamMeTpoB, Kak npeaen
MPOYHOCTU NPU HEOrPAHNYEHHOM CXKaTWK, TBEPAOCTD,

PDC bits, a critical factor to ensure excellent bit durability.

Similar modelling programmes are used for roller cone bits.
Additionally we use novel techniques in manufacturing,
moving away from the standard materials, for example, into
more exotic types that offer improved abrasion resistance
on the cone, such as our TuffCutterTM soft formation tooth
bit series.

There is a continuous cycle of improvement within the drill
bit industry. As we seek to use bits to drill longer and more
technologically advanced wells we require bits that are
capable of maximising performance and so reduce drilling
costs to the operators.

VAREL: When Varel engineers design a new drill bit the
tools utilized are proprietary incorporating a “full numerical
chain” where the human factor is minimized. The Varel
process includes GeoScience, SPOT, Pro-E, CFD, and Pro-
E manufacturing.

GeoScience examines the rock to be drilled calculating
UCS [unconfined compressive strength], hardness,
abrasiveness, drilling factor and wear index while
determining formation type and effective porosity. All of
these formation characteristics contribute to bit performance
and are input into SPOT, our software simulator for the
optimization of drill bits. SPOT considers the following bit
attributes during design: axial and lateral displacement,
imbalance force, directional behavior (i.e., steerability plus
walk), cutter wear, ROP as cutters wear, and bit behavior
based on dynamic factors. Pro-E is the modeling tool we
use to help with visual analysis of the completed bit design.
The completed Pro-E design is then imported into CFD
where the fluid flow is modeled and nozzle orientation

is checked to ensure proper cleaning of the bit face and
cooling of the cutting structure. Finally, Pro-E manufacturing
then supplies the necessary files to various machining
centers to guarantee that designed accuracy is met in our
finished product.

2. With ConocoPhillips working closely with Lukoil
drilling several horizontal wells in the Timan Pechora
region, they are looking to increase the overall ROP.

What improvements can be made in bit design in order to
maximize the ROP, and what guarantees can be made?

SMITH: Again, using IDEAS® allows Smith to design an
optimum bit (blade count, cutter size, cutter backrake
angles, hydraulic configuration etc.) for a specific application.

The outputs generated by the IDEAS® model will give an
indication of the expected performance, for example relative
ROP (different bit designs) and the magnitude and type of
vibration.

REED: Bit design is essentially a process of balancing

the four basic criteria of bit performance: ROP, Durability,
Stability and Steerability. These four criteria or indices are
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abpasnBHOCTb, BYPUMOCTb Y UBHOCOCTOMKOCTD, a TaKXe
onpenenATb TN nnacta n adhHeKTUBHYO NOPUCTOCTb.
Bce 3Tn xapakTepucTukm nnacra BAnAOT Ha paboTy
[onoTa u BBOAATCA B MoAenupytoLlyto nporpammy SPOT
ANA ONTMMM3aLMN KOHCTPYKLUMK JonoT. [Nporpamma
SPOT yuuTbIBa€T NPy NPOEKTUPOBAHMM TaKne
XapaKTepUCTMKM JOSI0T, KaK OCEBOE M NOnepeyHoe
cMelleHune, yeunve gucbanaHca, TeHAEHUMIO 4onoTa

no asuMyTy 1 yriy HakoHa (Hanpumep, BO3MOXHOCTb
KOHTPOSIA HanpaBsieHWA M0C NonepeyHble
konebaHuA), N3HOC Pe3LoB, BMAHNE M3HOCA Pe3LI0oB

Ha MEXaHMYECKYIO CKOPOCTb, & TakXe BNMAHNE
AVHaMM4ecKux (bakTopoB Ha NOBeAeHME AonoTa.

Pro-E aBnAaeTcAa mogenunpyowmm nporpaMmmMHbIM
CpPeacTBOM AJ1A BU3yasnibHOro aHanm3a paspaboTaHHbIX
KOHCTPYKUMA onoT. 13 Pro-E paspaboTaHHbIn NpoekT
KOHCTPYKUMM AON0Ta MMMNOPTUPYETCA B NMpOrpammy
CFD, rge mogenupyeTca rugpaBnmyeckan npomMbiBKa
[0noTa 1 NPOBEPAETCA OPUEHTAUNA TMOPABINYECKNX
Hacapgok anAa obecnedeHnA HeOHBXOAMMOro YPOBHA
O4YUCTKM NOBEPXHOCTM OOMOTA U OXNIAXKAEHUA PeXYLLEn
CTPYKTypbl. HakoHeu, nporpamma Pro-E manufacturing
oTnpaBnAeT Heobxoanmble hairnbl B pa3nnyHble
LEHTPbl MEXaHNYECKOM 06paboTKM, YTO NO3BONAET
obecneynTb CTPOroe CobnoaeHNe BCEX KOHCTPYKTUBHbBIX
napameTpoB Npv NPOU3BOACTBE rOTOBbLIX U3AENUNA.

2. “Pa6boTatowme coBmecTHO B 3anagHon Cubupu
komMmnaHuu ConocoPhillips n J1TYKoin, kotopbie 6ypAaT
HECKOJIbKO FOPU30HTasIbHbIX CKBa)>XWUH, CTPEMATCA
nobutbcA yBenuyeHnA obLent CKOpoCcTU NPoxoaku’
Kakue Heo6xoaumbl ycoBepLUeHCTBOBaHUA B
KOHCTPYKLMU A0JI0T, KOTOpPble NO3BOJNIAT 0becneynTb
MaKcuMmasibHoe yBeJsin4eHne CKOpoCTH NMPOXoaKH, U
Kakum o6pa3omM MOXKHO 9TO rapaHTupoBaTb?

SMITH: C nomoLbio TOro e NporpaMMHOro nakeTa
IDEAS® komnanuna Smith Bits co3paeT onTuManeHble
KOHCTPYKLUMM AONOT ANA KOHKPETHbLIX YCNOBWIA 6ypeHua,
BKJtOYaA ONTUMAasbHOE YMCO NonacTen, pasmep
pes3uoB, NepenHNiA yron pesLoB B ThINTIbHOW MITOCKOCTH,
CXEMY MPOMbIBKM U T.M.

PesynbTatbl MOAENMPOBaHUA 1 aHann3a C NOMOLLbIO
nporpammbl IDEAS® no3BonAOT NPOrHO3MpoBaTh
napameTpbl paboTbl 4OMOTA, HANPUMEP, MEXaHUYECKYHO
CKOPOCTb BypeHna ANnA AoNOT PasfnNYHbIX KOHCTPYKLIMA,
a TaKXke BENUYMHY 1 TUN BUOpaLmK.

REED: lNpouecc NpoekTnpoBaHuA AonoT haKTUYeCcKn
CBOAMTCA K ONTUMM3aLUMN COYETAHMA YETbIPEX
OCHOBHbIX NnokKasaresiei paboTbl JOMOT: MEXaHNYECKOM
CKOPOCTW, CTOMKOCTH, CTabunusaumm n KOHTporA
HanpasneHuA. 3TN YeTbIpe KpUTEPUA UK Nokasarena
ABNAIOTCA B3aMmo3aBucumbivn. ViHorga oneparop, B
CTPEMIEHNN OOCTUYb BCE NOCTAB/EHHbIE Nepeq cobom
uenu, BblagBUraeT HECOBMECTMbIE TpeboBaHUA No
COYETaHUIo ONpeaesieHHbIX NoKasaTenen B KOHKPETHOM
ponote. Hanpumep, nsrotoentb gonoto PDC ¢

48 | ROGTEC

mutually interdependent. Sometimes there are contradictory
needs in order for a particular bit to meet all the objectives
of the Operator. For example, producing a more aggressive
PDC bit is relatively easy to accomplish by such means as
reducing back rake, reducing blade count, increasing cutter
size, etc. However, in doing so, there is a strong possibility
that durability of the bit will be compromised.

It should be remembered that the simple cost per metre
equation that is widely used consists primarily of rig cost
multiplied by number of hours, both drilling and tripping,
divided by the meterage drilled. Should a bit be capable

of drilling extremely fast yet not make the required section
then the total costs of that section using two “fast” bits may
be greater than using a slower, yet more durable, bit. The
converse is also true in that sometimes using two bits may
be more cost-effective than attempting to drill a section in a
single pass.

It should also be pointed out that the bit is only one
component in the drilling system that extends from the

bit to the rig floor. The speed of a system is limited to that
of the slowest or least efficient component. If the ROP is
increased without a corresponding improvement in, for
example, hole and mud cleaning capabilities, then benefits
will not be sustainable.

VAREL: When designing drill bits, it is most effective

when the operator and the bit company can have a good
relationship that consists of sharing data and expectations.
As outlined earlier, Varel utilizes several proprietary tools

to maximize drill bit performance. In the instance provided,
it is our recommendation to acquire data about the rock
lithology, rock hardness, information about the capabilities
of the RSS equipment so that we can design the right bit
for the specific application. There are a variety of RSS
tools available today, and each operates differently and
influences bit performance differently. As a company we
have developed an effective process for optimizing our bits
with the different RSS systems.

3. What effect does the influence of the mud density
and viscosity have to the ROP for PDC bits?

SMITH: The greater the differential between the mud weight
and the pore pressure (i.e. the degree of overbalance),

the slower the ROP will be. It has also been observed

that under certain hydraulic regimes and geological
circumstances, a “plastic shale” phenomena can be
induced which will adversely affect ROP.

Rheological properties such as viscosity will obviously
impact on the cuttings carrying capacity and will result
in pressure losses (and thus the Equivalent Circulating
Density).

REED: Of these two factors mud density is the most
important for bit performance. As the specific gravity
is defined by the expected pressures within the well
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LONG LIFE MOTOR BITS

Camble HapeXHble B 3KCNAyaTauuu TpexiwapoLlieyHbie AONAOTaA

[nA 6ypeHuna ¢ BbICOKMMK 060pOTaMu B YCIIOBUAX BbICOKUX AABMEHWIA N Temnepartyp, npu
BbICOKON CTOMMOCTMN CTPOUTENBCTBA CKBaXXMHbI BAM HEOOXOAMMbI [,ON0Ta, 6€3YKOPU3HEHHbIE B
akcnnyatauun. Mo ceovM nokasaTtenAm TpexwiapoLleyHble gonota cepun MXL komnaHum Xbto3
KpucTeHceH He MMELOT aHanoroB Ha COBPEMEHHOM pbiHke. OHM cneumansHo pa3paboTaHbl pia
6ypeHuna B CNOXHbIX yCnoBrAX. OTnMYnTenbHble 0COBEHHOCTY CepUN - YHUKaNbHOE YNnoTHEeHne
onopsbl TMna "MeTtann-meTtann", CTokoe K N3HOCY BOOPY>XEHWE U n3MeHAeMan
rMAPOMOHUTOPHAA cuctema o4mcTku 3aboa. C ponotammn MXL Bbl MOXeTe 6blTb yBEpEHbI -
CKBaXKvHa byneT npobypeHa TOYHO 1 B CPOK.

Kom NaHUA-NMPOU3BOAUTEND 6ypOBbIX AOANOT

—

A\
BAKER Hughes Christensen
HUGHES

MonyunTb 6onee NoApPo6HYO MHAOOPMAaLMKO MOXHO Ha canTe www.bakerhughes.ru,
UM CBA3aBLUNCL C HAMK No TenedoHam 7(495)771-7240, 7(495)771-7241



6oree arpeccyBHbLIM BOOPY>XEHMEM OTHOCUTENbHO
NPOCTO 3a CHYET CHUXXEHWUA NepeaHero yrna aonoTa B
TbINTbHOW NJI0OCKOCTU, YMEHbLUEHWA Ynca nonacTen,
npumeHeHna 6onee ONNHHbIX pe3uoB 1 T.n. OgHako npu
3TOM cyulecTByeT 6onbluas BEpOATHOCTb CHUXKEHWA
CTOMKOCTW 1 [ONTOBEYHOCTU A0MoTa.

CnepyeT NOMHWTb, YTO NPOCTOE YpaBHEHME CTOMMOCTH
MeTpa MNPOXOAKMU, LLMPOKO UCMONb3yeMoe B OTpacnu, B
OCHOBHOM npeacTaBnAeT cobor CTOMMOCTb BypoBoi
YCTaHOBKW, MOMHOXEHHYIO Ha KONMMYECTBO YacoB

ee paboTbl (BkNo4vana BpemMa 6ypenua n CrO), n
pasgeneHHoe Ha Npoxoaky. [py ncnonb3oBaHnM 4ON0TA,
obecrneyvmBaroLLEro BbICOKYHO MEXaHUYECKYIO CKOPOCTD,
KOTOpOEe, OOHAKO, HE CMOXET NPONTM BECb HEOBXOANMBI
WHTepBaJ, oblan CTOMMOCTb BypeHna 3TOro MHTepBana
OBYMA “ObICTPbIMIX” OONOTaMM MOXET NPEeBbILATb
CTOUMOCTb TOrO Xe MHTepBana, NPobypeHHOro OAHNM
6onee MeaneHHbIM, HO 3aTo 6onee CTOMKUM JOSI0TOM.

W HanpoTuB, nHoraa 6onee ahhpeKTMBHO NCMONBb30BAaTb
ana 6ypeHvA nHTepeana aBa [onoTa, Yem CTPeMUTbCA
NPOWTK €ero BECb OOHNM.

HeobxoammMo Tak)ke OTMETUTb, YTO BypoBOE AONOTO
ABNAETCA NLWb OOHUM N3 3N1IEMEHTOB OYPUITbHON
cucTeMbl, BKItovatrowwen B ceba Takke KHBK n
6ypuIbHYt0 KONOHHY. CKOpPOCTb Takon 6ypubHON
CMCTEMbI OrpaHNYNBaETCA CKOPOCTBIO €€ Camoro
MeAJSIEHHOMO UM CamMoro HU3KO3GHEKTUBHOMO
anemeHTa. Ecnv ckopocTb NPOXOaKM yBenmunsaeTcA 6e3
COOTBETCTBYIOLLETO YCOBEPLUEHCTBOBAHMA, Hanp1mep,
6e3 noBbIWeHNA 3PPEKTUBHOCTM O4YUCTKM CTBOMA U
6ypOBOro pacTesopa, Nofy4YeHHbIE NPEMYyLLUECTBA He
6yaoyT YCTOMYMBBIMU 1 [OMTOCPOYHBIMM.

VAREL: [Ina onTummnaauumn npouecca npoeKTnpoBaHna
6ypOBbIX ONOT HEOH6X0AMMO 3PPEKTUBHOE
B3aMMoJencTBmne Npon3BoanTenA AOMOT 1 oneparTopa,
BK/o4arowlee B ceba obmeH MHpopMaumen u
BblACHEHNE TpeboBaHMN 3aKka3ymka. Kak 6bliio ckasaHo
Bbllwe, komnaHuA Varel npyumeHAeT paspaboTaHHbIEe

€e VHXXeHepamu CpeacTBa Af1Aa NoBbIWeHnA
achbdekTnBHOCTN paboThl 6ypoBbiX A40N0T. OBbIYHO Mbl
cTapaemcA NoNy4Y1Tb Y 3aKasunka Kak MOXHO 6osbLue
MHbopMaLmmn o NNaHNpyeMbIX YCI0BUAX paboThl
[0noTa, BKOYaA TuMbl NOPOA N NX XapaKTEPUCTUKN,
Takue Kak TBepAoCTb, a Takxe nHgopmaumio

Mo XapakKTepucTnKam yrnpaBfiAEeMbIX POTOPHbIX
KOMMOHOBOK, YTO MO3BOSIAET Ham CO34aTb A0N0TO
ONA KOHKPETHbIX ycroBui paboTbl. B HacToAwwee
BpeMA B OTpac/ivn NPMMEHAETCA MHOXECTBO TWMOB
yrnpaBiAeMbIX POTOPHbIX KOMMOHOBOK, KaXkaaA

N3 KOTOpbIX paboTaeT No pasHoOMy, a TakxXe no
pasHoMy BNuAeT Ha paboTy gonoTta. NHxeHepbl
Varel npymeHaeT appeKTMBHLIN NpoLecc
ONTMMM3aumMKn BbiMyCKaeMbIX KOMNaHWen goNoT AfA
NX XOpOLUEro codeTaHnA n BbICOKOIPEKTUBHOM
paboTbl C pa3NMyHbIMW YNPaBAAEMbIMA POTOPHBIMU
KOMMOHOBKaMMW.
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bit companies often have to recommend bits that can
compensate for the loss of ROP that comes about when
the overpressure, i.e. the differential between borehole and
in-situ formation pressure, is increased.

There is only an apparent increase in rock strength, so in
order to compensate for the drop in ROP lighter set bits can
be utilized which increase the load per cutter and the depth
of penetration into the formation.

4. Does well pressure and temperature also affect bit
performance?

SMITH: Obviously with extremely high pore pressures,
correspondingly high mud weights will have to be used

and this is why a robust and efficient pressure equalisation
system has to be incorporated in the bearing/seal packages
of roller cone designs.

Depending on the geothermal gradient encountered, the
properties of the elastomeric seals in roller cones bits can
be adversely affected.

With this in mind, rollercone seal material may have to be
modified in high temperature environments.

REED: Temperature has little effect on bit performance
except where very high temperatures may affect elastomers
in roller cone products.

Typically if the formation pressure increases then to prevent
influx of well bore fluids the mud weight will be increased.
This has the effect of reducing ROP’s of drill bits as above.

VAREL: Bottomhole well pressures require higher density
drilling fluids that adversely affect the ROP. But this effect
occurs more so on roller cone bits than PDC bits because
the high temperatures can effect life of the bearings and
seals. In terms of the effects mud weights have on PDC
bits, water-based muds can negatively effect performance
more so than oil-based muds. This is due the chemistry of
the water-based mud and how it lubricates and cools the
cutters.

5. We hear a lot about bits being designed for specific
fields - is it possible to tailor a bit to each and every
field? Is this cost effective?

SMITH: Yes, it is possible to tailor a bit to each and every
field. The cost effectiveness of this would be determined by
the size of the field and how many bits are required.

As we all understand however, it does not make a lot of
sense to be designing different bit every time a well is drilled.

REED: Yes, it is possible to tailor a bit to optimise
performance in a particular field. However, in order to
economically justify designing and manufacturing bits for
specific applications then there needs to be a fundamental
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3. Kakoe BnMAHWe oKa3biBalOT TakKue napameTpbl
6ypoBoro pacTeopa, Kak NyoTHOCTb U BA3KOCTb
Ha MexaHMYeCKYy CKOpPOCTb 6ypeHua npm
ucnonb3oBaHuu gonot PDC?

SMITH: Yem 60nblue pasHuua Mexay yaenbHbIM BECOM
pacTeopa v NopoBbiM AaBfieHneM (T.e. penpeccua Ha
nnacT), TeEM HUXEe CKOPOCTb NPOXOAKW. Takxe 6b1no
OTMEYEeHO, YTO MNpW OnpeaeneHHOM PeXXMMe MPOMbIBKM
B ONpeaeneHHbIX reofiorm4yeckmx yCrnoBrAX MOXET
BO3HUKHYTb ABJIEHNE NNACTUYHOCTM [TIUH, KOTOpOe
HeraTMBHO OTPaXkaeTCA HA MEXaHNYECKOW CKOPOCTH
6ypeHua.

Peonornyeckune ceoncTtea 6ypoBoro pacteopa,

TakKue Kak BA3KOCTb, ByayT, HECOMHEHHO, BMUATb Ha
CNOCOBHOCTb pacTBopa BbIHOCUTL BbIGYPEHHYIO Nopoay
1 NpMBeayT K NaAeHU0 AaBNEeHWA UMPKynaumm (v,
cnefoBaTenbHO, YPOBHA 9KBMBANIEHTHON MNOTHOCTH
LMPKYALMN).

REED: 13 atnx aByx hakTopos Hanbornee BaxHoe
3HayeHue ana 3pPeKTMBHON paboThbl AONOT MMEET
nnoTHOCTb BypoBoro pacteopa. [NockonbKy yaenbHbIN
BEC pacTBopa onpeaenAeTcA OXXnaaeMbiM ypoBHEM
AaBlEeHNA B CKBaXXMHe, NPOM3BOANTENAM AOMN0T 4acTo
NpMXoanTCA PEKOMEHA0BAaTb A0noTa, CNOCO6HbIe

He OonyCTUTb NageHne CKOPOCTU NMPOXOAKH,
Habniogaemoe Npu NOBbIWEHMN Nepenaga AaBneHuns,
T.€. COOTHOLUEHNA MEXAY rMApPOCTaTUHECKUM U
NnacToBbIM AABNEHUAMU. YBENUYEHNE MPOYHOCTU
FOpHbIX MOPOA B AaHHOM Cry4ae TOMbKO Kaxylieecs,
Nno3aToMy ANA HeJoNyLWeHA NageHnA CKOPOCTH
NPOXOAKN MOTYT UCMONb30BATbCA MEHEE HACbIWEHHbIE
pesuamu gonoTta, obecrneynsaione noBblLEHne
Harpy3ku Ha Ka>kAblil anmasHbli pesel, a Takxe
yBenu4eHue rnybuHbl NPOHUKHOBEHWA Pe3LOB B
nopoay.

4. A kakum obpa3om Ha 3hheKTUBHOCTb paboThbl
AONOT B/AIMAIOT AaBJIEHUe U TeMmnepartypa Ha 3aboe?

SMITH: O4eBnaHO, 4YTO B YCNOBUAX OYEHb BbICOKNX
MOPOBbIX AABNEHNA NPUXOANTCA, COOTBETCTBEHHO,
yBenM4mBaTh yaenbHbIi Bec BypoBoro pacTeopa.
[Mo3TOMY KOHCTPYKUMA LIAPOLLEYHbIX AOMOT AOMKHA
BKJTIOYATb HAAEXHYIO U 3PEKTUBHYIO CUCTEMY
BblpaBHMBAHUA AABMEHUA ANA Y30B Onop C
YMNOTHEHNAMW.

B 3aBMCMMOCTM OT UMEIOLLErOCA YPOBHA
reoTEPMNYECKOro rpaiMeHTa, HeraTMBHOMY
BO3JEWCTBUIO MOXET NoABEpraTbCA MaTepuarn
3MacTOMEpPHbIX YMNIOTHUTENbHBIX 3/TEMEHTOB B
LIAPOLLEYHbIX JOMOTax.

OT0 cnepyeT yunTbIBaTh NP Bbibope MaTepuana ans

YNIOTHUTESBHBIX 3/IEMEHTOB OMOP LUAPOLIEYHbIX AONOT
AnA paboThl B yCIIOBUAX BbICOKWX TEMMNepaTyp.
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change in the relationship between the Operator as
customer and the Bit Supplier. The relationship must
change to become much more a partnership with the Bit
Supplier being involved in the wells right from initial planning
stages. Focussing on total drilling cost rather than bit cost

is critical to making sound decisions to maximise drilling
efficiency.

In this regard the circular process of planning, execution,

evaluation and analysis becomes vitally important so that
the desire for continuing improvement in bit performance
can be achieved.

VAREL: It is part of Varel’s culture and design philosophy
to optimize bit performance by organizing our workflow
processes so that we are an effective solutions provider
for our customers. We know customization has a profound
effect on bit optimization. So, as outlined earlier, we

have specific design and manufacturing processes that
incorporate field data and utilize proprietary tools. During
these processes, we work closely with the customer

to evaluate rock lithology and examine the formation
characteristics and review the proposed rig equipment.
Using this information Varel engineers can design a drill
bit for the specific application. This process maximizes bit
optimization and performance and reduces total drilling costs.

6. As casing whilst drilling becomes more common,
what bits are available to ensure maximum ROP and
directional stability?

SMITH: PDC bits are available through different
manufacturers for this technology.

REED: In general terms bit companies will attempt to
match the bit and the application wherever possible. The
type of well tubular will be factored into the design of the bit
whether it be Casing While Drilling, Coiled Tubing Drilling or
conventional tubulars.

VAREL: We are not present in this segment.

7. How do you see bits changing over the next
10-20 years?

SMITH: Some significant innovations in material science
and materials engineering have resulted in PDC bits
encroaching further into what were previously considered
rollercone applications.

| would expect these innovations to continue, partly due to
the fact that the petroleum drill bit industry is so competitive,
and we will see the envelope of application for both
rollercone and PDC bits expanding. With this in mind,
Smith Bits continues to invest a significant sum of money in
research and development.

REED: Many of us in the industry remember the first trials
of PDC bits and their successes and failures. It is interesting



REED: TemnepaTypa o4eHb He3Ha4MTENbHO BNUAET
Ha a(pdpeKTUBHOCTL paboThbl AOMOT, 38 UCKIIOYEHMEM
Tex Cny4aeB, Koraa BO3AENCTBMIO OYEHb BbICOKON
Temrneparypbl NOABEPralTCA 3N1aCTOMEPHbIE
YAAOTHEHNA ONOp LWAaPOoLLEYHbIX AOSMOT.

O6bI4HO AnA NpefoTBpaLLeHMA NPUTOKa NNacToBOro
donionaa B CKBaXkMHy Npu NoBbILWEHUU N1acTOBOro
OaBreHnA NPon3BOAMTCA YBENUYEHUE yaenbHOro
Beca 6ypoBOro pacteopa. 3To NpUBOAUT K
CHUXXEHWIO CKOPOCTW MPOXOAKW A0NO0T aHanorm4yHo
BbILLEONUCAHHOMY Cy4ato.

VAREL.: Npwn BbICOKMNX AasneHnAx Ha 3aboe Heobxoammo
1crnosnb3oBaHve NPOMbIBOYHOIO pacTeopa ¢ 6onee
BbICOKMM YAENbHbIM BECOM, YTO HEraTMBHO OTpaXkaeTcA
Ha ckopocTu npoxoakn. OgHako aTomy ahexkTy
3Ha4MTeNnbHO 6onee NoABepPXXeHbI LWapOoLLEeYHble A0M0Ta,
no cpasHeHuto ¢ gonotamm PDC, NOCKomnbKy BbICOKME
Temneparypbl Ha 3a60e MOryT HeraTMBHO OTpaXaTbCA
Ha CTOMKOCTW MOALUMMHMKOB M YNNOTHEHNI. C TOYKM
3peHnA BNUAHWA MNTOTHOCTU BYpOoBbIX PacCTBOPOB Ha
appeKTUBHOCTL paboThbl anMasHbIX A0M0T, CHUXEHNE
nokasareneun npoxoaku 6onblue HabnogaeTcA npu
MCMonb30BaHMN PaCTBOPOB HA BOAAHOW OCHOBE, MO
CpaBHEHMIO C 3TUMM XXe nokasaTenAMu AnA pacTBoOpoB
Ha HePTAHOM OCHOBE. ATO CBA3AHO C XMMUYECKMM
COCTaBOM PacTBOPOB Ha BOAAHOMN OCHOBE, a Takxe C
TeM, KaK OHM obecreumBaloT CMasKy 1 oxnaxaeHue
pexyLien CTPyKTypbl JOMNOT.

5. MHoro roBopAT o pa3paboTke 6ypoBbix AONOT
ANA KOHKPETHbIX MecTopoXxaeHu. Bo3amo)xkHO

Ny co3faHue AO0NOT cneumnaribHbIX KOHCTPYKLMUA
ANA onTUMasnibHOW paboTbl HA KOHKPETHOM
MecTopoxxaeHun? ABnaeTcA nu paspaboTka u
co3AaHue Takux A0N0T 3IKOHOMUYECKU BbIrOAHbIM
nenom?

SMITH: [a, co3gaHve 0N0T, KOHCTPYKUMA KOTOPbIX
onTMmMM3npoBaHa anA acheKTUBHOM paboTbl Ha
KOHKPETHOM MECTOPOXAEHUW, BMOMHE BO3MOXHO.
OkoHOMMYecKanA 3chPEKTMBHOCTb U LIENECO0BPaA3HOCTb
Takomn paboTbl 3aBUCAT OT Pa3mMepoB MECTOPOXXAEHMA 1
KonunyecTBa Heobxoammbix AonoT. OgHAKo Kak Mbl BCE
noHMmMaem, paspaboTka HOBOM KOHCTPYKLUMU AoroTa
ANA KaXXA0N OTAENIbHOW CKBaXKMHbI HE MMeeT 0coboro
cMmbicna.

REED: [1a, cosaaHue omnoT, KOHCTPYKUMA KOTOPbIX
onTMMM3npoBaHa anA acheKTUBHOM paboTbl Ha
KOHKPETHOM MECTOPOXAEHUW, BNOMHE BO3MOXHO.
Tem He meHee, onA Toro, YTO6bI oNpaBaaTh 3aTparhbl
Ha pa3paboTKy 1 NPOU3BOACTBO AONOT ANA
adpchekTmBHOM paboTbl B KOHKPETHBIX YCIOBUAX

1 BbINOSIHEHMA KOHKPETHbIX 3a4a4 Heo6xoaMmo
KOpPeHHbIM 06pa30M NepecTpPoUTb OTHOLLEHUA MeXAyY
onepaTopoM (3aKa34ymkoMm) 1 MNOCTaBLUMKOM JOSIOT. ATH
OTHOLLEHNA AOMKHbI NPEBPaTUTLCA B MAPTHEPCTBO,
NPy KOTOPOM NOCTaBLUUK A0MOT 6yaeT BOBNEYEH B

to note how far we have come technologically with that
design concept, although it was largely based on the old
drag bits of one hundred years ago. Various novel means of
drilling rock are being trialled throughout the world and | feel
that some of those features will be incorporated into existing
bit designs to improve performance.

VAREL: Advances in raw materials and manufacturing
methods, in our opinion, will reduce the cost and production
time of drill bits. This includes everything from advances

in PDC cutter technology to new lithology evaluation tools
to improved drill bit design tools to new manufacturing
equipment. Also, the demands from the industry, in terms of
different well profiles and advances in drilling rig technology
and RSS systems will impact the drill bit business.
Advances in realtime drilling data and analysis will be
something to watch, as well, as they could have a positive
effective on drill bit optimization. As a company, Varel will
continue to evaluate such advancements and will adopt
those that improve product effectiveness, reduce production
time and reduce customer costs.

8. With such bit and supplier choice, how does a
company start the bit selection process?

SMITH: From an operator standpoint, bit selection would
typically be based on proven track record, experience in
the area (or similar applications), understanding of the
application, the range of technology available and the level
of technical support offered.

REED: The primary driver when choosing bits is to reduce
the overall costs of drilling the well to the appropriate
downhole location. In order to do this successfully the
operator must look at the entire drilling process and
effectively rank the bit characteristics required to achieve
the well objectives and reduce the overall cost within the
confines of the operation.

Understanding of the four primary indices; ROP, Durability,
Stability and Steerability, of bit design will provide a suitable
starting point for effective bit selection when this process
is performed as part of the planning of the well from spud
to TD. Adequate planning is probably the most important
component that will improve efficiency and reduce overall
costs. It is worth stating that the entire rig is organised

so that the bit can drill effectively but to obtain maximum
performance the knowledgeable staff of Bit Suppliers should
be consulted in good time to bring their experience to bear in
order to push the envelop of performance even further.

Speaking purely for ReedHycalog we maintain various
databases from which we can extract useful information
that, should it be utilised in the planning of a well, would
lead to considerable cost savings. Furthermore using on-
site supervision and dedicated Engineering staff we are
able to “close the loop” by providing after sales feedback
which can be then used to improve performance on
subsequent wells.
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MpoLecc CTPOUTENBCTBA CKBaXKUHbI C CAMOTro Havasa
pa3paboTKnM TEXHUHECKOro NpoeKTa Ha bypenune. [nAa
NPVHATMA peLleHnin, obecneyvmBaoLLX MakKCUMaIbHYHO
achdekTnBHOCTL Npouecca bypeHua, HeoH6XoauMOo
npexae BCero paccmaTpmBaTh 06LLy0 CTOMMOCTb
6ypeHus, a He CTOMMOCTb JOMOT.

B aTon cBA3n, Ype3BblHANHO BaXXHOE 3HAYEHNE
nprnobpeTaeT UMKINYECKNIA MPOLIECC, BKITHOYAOLLUIA
naaHnMpoBaHue, peannsaumio, OLEHKY 1 aHanms,
NO3BOJAIOLLMI BECTU HENPEPBIBHYIO paboTy no
COBEPLLEHCTBOBAHUIO KOHCTPYKLUMI JONOT ANnA
NoBbIWEHNA 3PPEKTUBHOCTM UX PaboTbl.

VAREL: KomnaHua Varel cTpemnTcAa opraHM3oBbIBaTb
npouecc NPOEKTUPOBaHMA U CO34aHNA HOBbIX

OONOT TakuM 06pa3om, 4TObblI ONTUMN3NPOBATb

nx paboTty n obecneunTb ahPEKTMBHOE pELLEHNE
TEXHWYECKUX 3a4a4, KOTOpble CTaBUT 3aKasyuk. Mbl
YBEPEHbI, YTO pa3paboTka 1 U3roToBfieHne AON0T B
COOTBETCTBUU C TpebOoBaHNAMN 3aKa34dnka no3sonAeT
obecneunTb MakcumarbHyt0 3PEKTUBHOCTb UX
paboTbl. Kak 6bif10 cka3aHo Bbille, Halwen KoMnaHuen
NCNonb3yTCA cneumansHo paspaboTaHHble
METOAUKN N TEXHOMOIMN NPOEKTUPOBAHMA U
N3roTOBNIEHNA [OOMNOT, NO3BOMAOWMNE aHANN3NPOBaTb
AaHHble No 0TpaboTKe AO0NOT U NPUMEHATb
co3faHHble cneuwanucTamm Varel cneunanbHble
nporpaMmMHble nakeTbl. [py MCnoNb30BaHMM 3TUX
METOANK M TEXHONOIMI B Npouecce pa3paboTku 1
CO3[aHUA HOBbIX AOMOT Mbl TECHO COTPYAHMYAEM C
3aKas34MKoM, OCYLLECTBNAA aHanM3 XxapaKTepucTunk
nopoabl U NapaMeTpoB NacTa, a TakXke oueHnBaA
BO3MOXHOCTU, obecneunBaemble 060pyaoBaHNEM
6ypOBOI YCTAHOBKM 3aKasdyuka. Micnonb3dya Takyto
MHOPMaLMIO HaLIM UHXXEHEpPbI MOTYT paspaboTarb
OONOTO ANA KOHKPETHLIX yCrnoBui bypenna. OToT
npouecc No3BoAAET ONTUMU3NPOBATL KOHCTPYKLNIO
[onoTa n nokasarenu ero paboTbl, U CHU3NUTb obLme
3aTpaTtbl Ha bypeHue.

6. B cBA3MK Cc TeM, 4TO bypeHue Ha

obcagHbix Tpybax npuobpeTtaeTt BCe
6onbluylO NONYSIAPHOCTb B OTPAacsin, Kakue
CYLEeCTBYIOT pelleHnAa no 6ypoBbiM gonoTtam,
obecneyunBarlme MaKCUMasribHYyO CKOPOCTb
npoxoaku n ahheKTUBHbIN KOHTPOJIb
HanpaBfieHuA cTeona?

SMITH: Pasanu4yHble Npon3BoaMTENN NpegaratoT
anmagsHble gonota PDC ana aTon TexHonornm bypeHus.

REED: BoobLie roBopa, npon3soaMTeny 4onot
cTapatoTcA MO BO3MOXHOCTU 06eCcneymnTb cneunansHoe
OONOTO AJ1A KOHKPETHbIX YCroBui 6ypeHuna. Tun Tpyo,
NCnonb3yemMbix Ana 6ypunbHON KOMOHHbI, y4UTbIBAETCA
npv NPOEKTMPOBAHWM [ONOT: BypeHne Ha 06caaHbIX
Tpybax, rmbkon Tpybe unmn ctaHagapTHoe bypenHne ¢
NMOMOLLbIO BYPUITbHBIX TPY6.
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VAREL: Bit selection is based on data. The operator/
customer has expectations for the project. Such
expectations include total drilling days, total drilling costs,
completions costs, to name a few. Historical bit performance
in the current or nearby field is helpful information, too.
Using this information, bit companies, like Varel, work with
customer to understand the rig capabilities and project
objectives to optimize bit performance. Then, as outlined
earlier, Varel uses all of this data and our proprietary design
tools to design and manufacture the right bit for the specific
application. The result is an optimized drill bit which can
reduce our customers’ total drilling costs.

9. With the quality of rigs in the FSU are you really
seeing the performance from the Western bits or are
you wasting a lot of the benefits they can provide?

SMITH: Yes, we are seeing the performance and yes, we
under utilize the technology sometimes due to the lack of
rig capabilities (flow rate, WOB, torque, drilling information
recorders, etc.).

One unfortunate thing is that sometimes we have to design
a bit to be compatible with the rig more than the lithology.

REED: ReedHycalog are contracted to supply bits for
complete wells on fixed sum payment terms for several
Operators. As we take on some of the risks inherent in the
drilling we have analysed which bits provide the best return
on investment for us whilst drilling these wells. We will use a
mixture of Russian and Western manufactured bits, chosen
according to their relative merits.

As stated above the bit is part of the drilling system and
whilst the system will only operate at the speed of its
slowest component, the entire system will fail when the
weakest component fails. It then becomes a sort of risk
analysis to ascertain the appropriate equipment levels for all
the components in the system.

It is generally accepted throughout the industry that
equipment levels are rising within Russia, but there is
further progress to be made and only when the entire
system is at a high level will maximum benefits be gained
from any technologically advanced product.

VAREL: To maximize drill bit optimization and performance,
Varel designs the drill bit cutting structure using tools which
consider the rock mechanics and the available rig power.
Well objectives need to be clearly defined at the beginning
to better understand the goals. Understanding all of this,
Varel engineers can match the right bit for the application
and help the operator maximize bit performance and reduce
their costs.



VAREL: KomnaHua Varel He BbinyckaeT A0MNOT ANA 3TOro
cermeHTa 6ypoBoW oTpacnu.

7. Kakue usmeHeHus 6yayt npoucxoautb B cepe
6ypoBbix gonot B 6nwxanwmue 10-20 net?

SMITH: HekoTopble nocnegHue JOCTUXKEHUA B 06nacTm
pa3paboTKM HOBbIX MaTepunanos 1 NPOEKTUPOBaHUA
MO3BONWNN NEPENTU K NCMONb30BAHUIO anMasHbIX AOM0T
PDC B Tex ycnoBumAX, KOTOPbIE paHbLLE CHATAUCh
NoaXO4ALMMUN TOSBbKO ANA LWapOoLWeYHbIX AOMOT.

OTa TeHAeHumMA 6yaeT NpoaomKaTbCA, OTHaCTM B CBA3U
C pacTyLlen KOHKypeHuuer B oTpacnm 6ypoBbIX AOMOT.
BO3MOXHOCTN NPUMEHEHUA LLIAPOLLIEYHbBIX U afIMa3HbIX
[AONOT B CaMblIX Pa3fNyHbIX N HECTaHAAPTHBIX YCOBUAX
6yayT pacLUMPATHLCA.

YuntbiBaa 3Ty TeHAEHUMIO, komnaHua Smith Bits
npoaomKaeT BKNaAblBaTb 3Ha4YNTESIbHbIE CpeacTBa B
ncecnenoBaHnA u paspadboTku.

REED: MHorune n3s 6ypoBMKOB elLLie MOMHAT nepsble
NpobHble 0TPaboTkM anmasHbix gonot PDC, cpean
KOTOPbIX OblIM KaK yCreluHble, Tak U Heyaa4Hble.
VIHTepecHO OTMEeTUTb, KaKnM 3Ha4YMTENbHbIM
yCOBEpLUEHCTBOBaHMAM NogBeprfiacb nepsoHaYvasibHan
KOHCTPYKUMA 3TOro Tuna gonot. M1 aTo npm ToMm, 4TO
OHa 6blna oCHoBaHa rnaBHbIM 06Pa30M Ha KOHCTPYKLMK
[AONOT pexyLUero Tuna, NPUMEeHABLLUMXCA eLle CTO NeT
Hasag.

VAREL: Kak Mbl nonaraem, nocnegHve AOCTUXEHUA

B 06nacTu co3gaHuA HOBbIX MaTepuasnos U
COBEPLUEHCTBOBaHMA TEXHOMOMMI NPOM3BOACTBA
NO3BOMAT AOOUTLCA 3HAYMTENIBHOrO CHUXEHNA 3aTpaT
BPEMEHU U CTOMMOCTMU U3roToBMEeHUA BypoBbIX AOMOT.
OTU AOCTUXEHMA BKIIOYAKOT B cebA MHOrOYMCNeHHbIe
YCOBEPLUEHCTBOBAHUA, OT TEXHONOMN anMasHbIX
pesuoB PDC, no nporpammHbIX cpeacTBax aHanvsa
ANTONOrMM NOPoA, KoTopble obecneunsaroT

obLee nosbiweHne ahPEeKTUBHOCTM Npouecca
NpoeKTUupoBaHnA AoNoT. Kpome Toro, Ha pasButue
pblHKa 6ypoBbIX A0NOT 6yAyT BAUATL CTOALIME

nepen 6ypoBoW OTpacnbio 3a4adv CTpomMTenscTea
CKBa>XWH CamMoro pasfiMyHoro npoduna, a Takxe
BHeAPEHMA NOCNefHUX AOCTUXXKEHN B 0bnacTtu
6ypoBOro 060pynoBaHNA 1 MPUMEHAEMbIX TEXHOMOTN
6ypeHvAa. Ha Haw B3rnAag, O4HUM N3 UHTEPECHbIX

N NepcneKTUBHbLIX HOBLECTB 6yaeT BO3MOXHOCTb
perucTpauuu u aHanusa napameTpoB 6ypeHuA B
peanbHOM BPEMEHU, KOTOPOE, BO3MOXHO, ByneTt
UMETb MONOXMUTENbHbIA 3heKT AnAa onTummnsauum
6ypoBbix fonoT. KomnaHua Varel npogonmkuTt aHanus
N OUEHKY NOCNEeAHNX TEXHOMOTMYECKUN AOCTVXKEHWI
N yCOBEPLUEHCTBOBAHUN, 1 NaHNPYET BHEAPATb

Te U3 HUX, KoTopble 6yayT obecnednBatb co3gaHue
6onee achheKkTMBHO paboTaloWwmx N3aenni, CHIKEHNE
3aTpaT BpEMEHU Ha N3roToBfeHne A0NoT N o6Lmx
3aTpaTt 3aka3umka Ha CTPOUTENbCTBO CKBAXXWUHbI.

8. B ycnoBuAx HanmM4mA Takon LUIMPOKOM
HOMEHKJ1aTypbl JONOT ¥ 60MbLIOro Ynucna
NOCTaBLYMKOB, KaKoW NOAXOA UCMOSb3YIOT
oneparopbl npu Bbibope gonoT?

SMITH: C To4kuM 3peHuAa oneparopa, Bblbop AoNoT
06bIYHO OCHOBBIBAETCA Ha YXe NOSyYEeHHbIX XOPOLUNX
pesynbTartax, Hann4nm onbiTa NpUMeHeHnA OonoT

B AAHHbIX UMK aHaNOrnM4HbIX yCnoBuAX, xopoLwlem
MOHMMaHUM YCoBMIN paboTbl U 3a4ad, KOTopble
CTaBATCA nepen A0SI0TOM, BOSMOXXHOCTU NpUMeHeHnA
pPasnNn4HbIX TEXHONMOTNA U MeTOoAMUK, a Tak>Xe YPOBHA
obecneyrBaemMon TEXHNHECKOW NoaAEPKKN.

REED: [naBHbIM hakTOpoM, onpeaenaAowmm Boibop
[onoTa, ABNAETCA 3a4a4a CHUXeHNA obLwen CTOMMOCTH
6ypeHnA CKBaXXMHbI A0 NPOEKTHOM mMybuHbl. AnA
YCNeLHOro BbINOMHEHUA 3TOW 3a4a4uum oneparopy
Heo6x0AMMO NpoaHanM3nMpoBaTh BCe aTarbl NporpaMmbl
BypeHnA 1 paH>XXMpoBaThb XapakTepUCTUKN AONOT B
ONTMMarnbLHON NocefoBaTeslbHOCTH, YTOobbI 06ecneynTb
OOCTUXKEHME NOCTaB/IEHHBIX LieNei N yMeHbLNTb obLwme
3aTpaTbl Ha BypeHne B pamkax npoBoAUMbIX paborT.

MoHMmaHme 4-x OCHOBHbIX NokasaTternen paboTbl

DONOT (CKOPOCTb MPOXOAKM, AONTOBEYHOCTD,
YCTONYMBOCTb Y BO3MOXXHOCTb KOHTPOSA HanpaBeHua),
obecrevmBaeMbIx pasnMyHbIMU OCOBEHHOCTAMM
KOHCTPYKLWMI AONOT, CO34aeT OCHOBY AJ1A
achbdekTnBHOro BhibOpa AOMNOT Ha CTaauW MaHNPOBaHNA
3TanoB CTPOUTENbCTBA CKBaXKMHbI OT 3abypmBaHuA

00 NPOEKTHON My6buHbl. TaTenbHoe NiaHupoBaHue,
BUOVMO, ABNAETCA OOHUM U3 OCHOBHbIX 3J/IEMEHTOB,
NO3BOMAOLLMM MOBbLICUTE 3PPEKTUBHOCTb U CHU3UTL
obwme 3atparbl Ha 6ypeHne. Cnenyet OTMETUTD,

4YTO, Aaxe oNTUMM3NpoBas paboTy Bcero 6ypoBoro
obopynoBaHuA AnA apdekTMBHOCTM BypeHuA
KOHKPETHbIM A0N0TOM, HE06X0ANMO CBOEBPEMEHHO
nonyyartb peKoMeHaaumm nMetoLwmx 60omnbLLOW OnbIT
creuvanncToB NnocTasLiMKa A0MOoT, YTO MO3BONUT
[o6UTLCA AanbHenWero ynyyweHna nokasarenen
paboTbl gonoTa.

Cneunanuctammn PugXavikanor 6binu co3aaHbl 1
MCNONb3YHTCA pa3nuyHble 6a3bl AaHHbIX, N3 KOTOPbIX B
ntoboe BpeMA MOXHO U3BeYb MOMe3Hyo NHhopMaumio.
BO3MOXXHOCTb NCNONb30BaHUA Tako UHAOpPMaLmmn Ha
CcTaaum NNaHMPOBaHMA CKBaXKMHbI MO3BONAET A0OUTLCA
3HaAYMTENBHON 3KOHOMUW. Kpome Toro, TexHu4eckas
nogaepXKka, okasblBaeManA HalLIMMK crieumanucTamm Kak
Ha O6bEeKTe 3aKasunKa, Tak 1 B Halnx naboparopmaAx

N NHXXUHVPWHIOBbIX LIEHTPax, No3BonAeT obecneynTb
3aMKHYTbIN UMK paboTbl C 3aKa34YMKOM M UCNONb30BaTb
nonyyaemyto oT Hero nHcpopmaumio 06 otpaboTke AONOT
ONA ynyyweHna nokasarenen nx paboTbl B CeAyOLWmX
CKBa>KMHax.

VAREL: Bbibop A0noT OCHOBbIBAETCA Ha
UMeloLmMXcA AaHHbIX. Y orepaTopa Ui 3akas4vmka
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€CTb onpeaernieHHbIe 3a4a4mM Npu OCYLLECTBIIEHUN
npoekTa. ATv 3a4a4m BKIIOYAIOT, Cpean npoymx,
OCyLLECTBIIEHNE NPOEKTa B Npeaesiax ycTaHOBIEHHON
NPOJOIMKUTENBHOCTU BypeHua, obLwmX NiaHnpyembix
3atpart Ha bypeHne 1 3aKkaHuMBaHve CKBaxuH. Becbma
NnoresHon nHhopmaLumen byoyT Takke pesynbTaTbl
OTPaboTKM OOMOT Ha AAHHOM WU COCEOHMX
MecTopoxaeHnax. Mimea Takyto nHgpopmaumio,
npounssBoanTeEnn JoMoT, BKNtoyaa hmpmy Varel,

TECHO COTPYOHMYAIOT C 3aKa34MKOM OJ1A BbIACHEHUA
BO3MOXKHOCTEN 060pynoBaHMA BYpOBOMN YCTaHOBKY, a
Tak>xe nokasaresien, KoTopble He0H6Xxo0aNMO AOCTUYb
NP1 OCYLLECTBIIEHN NMPOEKTA. Takoe COTPYOHNYECTBO
NO3BOMAET B KOHEYHOM UTOre ONTUMM3NPOBATb
KOHCTPYKUMIO [ON0Ta AJ1A MakcumarnbHO 3¢hdeKTUBHON
paboTbl B KOHKPETHbIX yCnoBmAx. [locne nonydeHnsa
BCEWN Heobxoammom nHchopmauum, cneunanmctol Varel,
Kak y>e 6bIfio CKas3aHo BblLLe, UCMOSb3YIOT e€ B
COYeTaHuM COo crneumnarnbHbIMU NPOrpPaMMHbLIMU NakeTamm
ANA NPOEKTMPOBAHWA N U3FOTOBMIEHNA J0M0Ta Noa
KOHKpeTHbIe ycroBmA BypeHunA. NI3roToBNEHHbIE C
NCMOMb30BaHMEM TaKoro npouecca onTMMU3NPOBaHHbIE
[onorta obecnevmBaloT HaLWNM 3aKa34ynukam CHKEHNE
obLmx 3aTpar Ha BypeHne.

9. lNpn HeBbICOKOM KayecTBe OTeYeCTBEHHbIX
6ypoBbIX YyCTaHOBOK, paboTatowmx B cTpaHax CHI,
AEeNCTBUTENbHO JIN MOXXHO [O6GUTBCA XOPOLUUX
nokasaresien nNpy Ucronb3oBaHUU 3anagHbIX AOJIOT,
WK XKe HeAoCTaTKu oTe4ecTBeHHOro 6ypoBoro
ob6opyaoBaHUA U TEXHOSIOTUIA He MO3BOJIAIOT 3TUM
[ornoTamM B NMOJIHOM Mepe NpoAeMOHCTpUpoBaThb BCe
CcBOM npeumyiectea?

SMITH: Ja, Mbl 4eNCTBUTENBHO Habnogaem ynyylieHue
pe3ynbTaToB 6ypeHuA Npu NCMonb30BaHUM 3anagHbixX
[ONOT, 1 BCE Xe, 3a4acTylo He MOXeM J0bUTbCA
MaKcumarnsHOro agodpekTa OT MCNOb30BaHUA HaLLMX
TEXHOMOrMN N3-3a HeJOCTATOYHBIX BO3MOXHOCTEN
6ypOBbIX YCTAHOBOK 1 BypoBoro ob6opynoBaHuaA, He
No3BONALLMX 06eCneyYnTb HEOBXOANMbIN YPOBEHD
NPOMbIBKW, HArpy3ku Ha 40N0TO, MOMEHT, HAAEXKHYIO
permcTpauuio napameTpos 6ypeHua, 1 T.4.

O[LHVMM N3 He[OCTaTKOB B 3TOM MfiaHe ABNAETCA TOT
(haKT, 4TO MHOrga NpUxoauTcA noabupartb 4ONOTO,
KOTOPOE XOpPOLLO Bbl COHETANOCH C UMEOLLMMCA
6ypoBbIM 060pyAOBaHMEM, BMECTO TOr0, YTObObI ObITh
ONTUMMU3NPOBaHHBIM AN1A PaboTbl B KOHKPETHbBIX
reonorm4eckmx ycnoBumax.

REED: ®vpma PnpXawnkanor 6bina npueniedeHa
HECKONbKMMU KOMMaHAMU-onepaTopamMm B Ka4ecTBe
NoCTaBLUMKA MOMHbIX KOMMJIEKTOB JOSO0T ANA
CTPOUTENBLCTBA Pa3NINYHbBIX CKBaXKUH, C OMiaTon
HMKCNPOBAHHON CyMMbl. [10CKOMBKY Mbl MPUHUMAaEM

Ha cebfa 4YacTb pucKa, CBA3AHHOIO ¢ BypeHnem, mMbl
npoaHanu3vpoBann, Kakme onota ABfATCA Hanbonee
OKynaembIMu Os1A Hac Npy BypeHnn 3TUX CKBaXKUH.
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Haw nnaH npegycmaTpuBaeT NpPYMEHeHWe KakK LONoT
POCCHINCKOro MPOU3BOACTBA, TaK U 3anafHbiX, Npu
BblGOpPE KOTOPbIX Y4UTLIBASIMCE UX COOTBETCTBYIOLLME
npevMyLLecTBa.

Kak y>xe 6bIno ckasaHo BbliLle, AO0TO ABMAETCA YaCTbtO
6ypunbHOM cucTeMbl. M nockonbKy makcMmanbHanaA
CKOPOCTb 3TOM CUCTEMbI 32BUCUT OT CKOPOCTU ee
Hanbonee MeaIeHHOro KOMMOHEHTA, NPY BbIXOAE €ro

N3 CTPOA, COOTBETCTBEHHO, NpekpallaeT paboTy BCA
bypunbHaa cuctema. OTo HEOOXOAMMO YUMTbIBATb

npv NPOBEAEHNN aHaNM3a PUCKOB, YTOObI obecrneunTb
HeobxoaMMbI ypoBEHb 0O0PYAOBaHNA ANA BCEX
KOMMOHEHTOB B 3TOW CUCTEME.

MHeHue cneumanucTos 6ypoBon OTpacnn roBopuT

0 HabnoparoLemMca obLeM MOBbILEHMN YPOBHA
obopyposaHua B Poccnn. OgHako Hemarno elle
NpeacTouT caenatb Ha 3ToM NyTu. M nuwb koraa
byneT obecrneyeH OOCTaTOYHO BbICOKMI YPOBEHD
BCEN CUCTEMbI, Mbl CMOXXEM A0OUTbCA MaKCUMarbHbIX
NPENMYLLECTB NP UCMONb30BaHUN CamblX NepeaoBbIX
NopoAopas3pyLlaoLWmNX N3AENNNA.

VAREL: [Ina onTMmMmn3aaumm KOHCTPYKLMiA BypoBbIX
nonot cneuvanucTbl Varel npy NpoekTnpoBaHmMm
peXkyLlemn CTPYKTYpbl AONOT NPUMEHAIOT crneumasbHble
NporpamMmHble CPeACTBa, yUMThIBAIOWME MEXAHNYECKUE
CBOWNCTBA pa3bypuBaeMoin nopoabl, a Takxke
BO3MOXHOCTM, obecrneunBaemble 060pyaoBaHNEM
bypoBon ycTaHoBKU. C camoro Havana Heobxoammo
YeTKO onpenenvTb 3agayvm bypeHrA 1 nokasarenu,
KOTOpble HEOOXOAUMO OOCTUTHYTb. OTO NO3BONT
WH>XXeHepaM Varel co3gatb MMEHHO Takoe A0MoTo,
KOTOpOe 0becneymT MakcmarbHO 3OPEKTUBHbIE
nokasaresnin B KOHKPETHbIX YCNoBUAX bypeHus,
6narogapa 4eMy ymMeHbLIaTCA 3aTpaTbl oneparopa Ha
bypeHme.
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