B BYPEHVE

LLImenes Banepuin AnekcaHgpoBuy, CTaplumii Hay4HbI COTPYAHVK, K.T.H., Dunnan OO0
SIYKOWTT-VIHKXUHUPUHT «[TepMHMHedTb> B T. Tepmn

CeppobvHues KOpuii Maenosuy, MNpodeccop kadeapbl «ABToOMaTU3aLMM NPO3BOACTBEHHBIX
npoLEeccoB» Bonrorpagckoro rocyjapcTBEHHOrO TEXHNYECKOrO YHYBEPCUTETA, A.T.H.

MakapoB Anekcein Muxannosud, 3aseaytoLLmin kacheapoi aBTomaT3aumn NponN3BOACTBEHHbIX
NPOLECCOB, K.T.H., AOLIEHT, PYKOBOAUTESb LIEHTPa NPOTOTUNMPOBaHMS Bonrorpagckoro
rOCyLaPCTBEHHOMO TEXHNYECKOrO YHMUBEpCUTETa

M NYKOW

OBLUECTBO C OFPAHUMEHHOR OTBETCTBEHHOCTBIO

NYKOWN-UHXMHNPUHT

Valery Shmelev, Senior Research Associate, Ph.D., PermNIPIneft, LUKOIL-Engineering LLC
Branch in Perm

Yury Serdobintsev, Professor, Department of Industrial Process Automation, Volgograd State
Technical University, Ph.D.

Aleksey Makarov, Candidate of Engineering Sciences, Associated Professor, Head of
Department of Industrial Process Automation, Head of Prototyping Center, Volgograd State
Technical University

ABTOMaTNYECKOE ynpassieHne npoLeccom
BypeHns ¢ Lesbio NoBbIWEHUA 9D EKTUBHOCTH
CTPOUTENLCTBA HEPTAHbLIX CKBa>XKUH

Automated Control of Drilling Process to Improve
Efficiency of Oil Well Construction

06 ahpexkTvBHOCTM pabOoThbl JOOT CYAST 10 HECKOIbKUM
rioKasaresisiM, OCHOBHbIMY U3 KOTOPbIX SIB/ISKOTCST
rpoxoaka Ha [0J10TO, MexaHn4Yeckas v pevicosasl
CKOPOCTb BypeHMsl M IKCri/lyaTaloHHbIe 3aTpaTtsl Ha 1
MeTP rpoxoaku. OnTmasibHbIe YC10BUS BYPEeHMST 0ObIYHO
COOTBETCTBYIOT KPUTEPUIO MUHUMATTBHOM CTOMMOCTM
MeTpa MpobyPEeHHOM CKBaXXWHbI, YTO XapakTepu3yeTr
ripouecc 6ypeHns: MUHMMaTbHbIMY 3aTpaTamyl SHEPr
Ha paspyLUEHNE rOPHbLIX MOPOL, BbICOKUMIM 3HAYEHNSIMIA
MEXaHWNYECKMX CKOPOCTEN U 3(hDEKTUBHBIM PECYPCOM
OypPOBOro MHCTPYMEHTA.

Moy 3TOM B/IVISIHNE PEXMMHBIX NapamMeTpoB
Ha rokasaTesin MexaHn4ecKoro bypeHus
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Bit efficiency is determined by several factors;
penetration per bit, rate of penetration, drilling speed
per run, and operating costs per meter of penetration.
Optimal drilling conditions usually meet the criterion
of a minimum cost per 1 m drilled, which is defined
as the minimum amount of energy required for rock
destruction, high mechanical penetration rates and
effective service life of the drilling tool.

With that, the range of parameters that impact
mechanical drilling performance is complex and
depends on different drilling parameters (geological
features, mechanical properties of the rocks, design
features of the rock cutting tools, etc.).
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DRILLING

HOCUT KOMIT/1EKCHbIV Xapakrtep v 3aBucuT

OT 3afaHHbIX 3HA4YEHW APYruxX napameTpoB
OypeHMs (reosIorM4eCcKuX yCAoBUM, MEXaHNYECKNX
CBOVICTB M0opO4, KOHCTPYKTUBHbBIX OCOOEHHOCTEN
paspyLuarLLero MHCTpyYMeHTa v Ap.).

B Takmx yCnoBusix BblipaxeHne nokasatesnen

9P HEKTUBHOCTU BYPEHNS B BUAE KOMMIEKCHbIX
nepeMeHHbIX MO3BOISET YCTaHOBUTb AOMNOHUTENbHbIE
3aKOHOMEPHOCTU BANAHNSA PEXUMHbIX NapaMeTpoB Ha
3P PeKTMBHOCTL OYpOBbLIX PABOT.

OCHOBHbIMW MPenMyLLIECTBAMU NPUMEHEHMS
NHOPMALIMOHHBIX TEXHOMOMUI K yNpaBieHnto
TEXHNYECKUMW NpoLeccamMmm SBASETCS
MOBbILIEHNE Ka4eCTBa MCMOJIHEHNS NpoLiecca, ero
NPON3BOANTENBHOCTM, COKPAaLLEHVE BPEMEHN,
CTOMMOCTM, a TakXXe yBeYeHne TOHHOCTU U
CTabUbHOCTU BbINOMHSAEMbIX onepaLmi.

[pouecc BypeHns CKBaXKMH — pa3pyLUeHnst FOPHbIX

nopo[, CONPOBOXAAETCA MHOMOYUCEHHBIMU U

pPasHOOBpa3HbIMU DUBNHECKNMU ABAEHUSAMN,

3 DHEKTVBHOCTb KOTOPOIro OLIEHNBAETCH MO

LEesIoOMY paay KOMYECTBEHHbIX MoKa3aTesen,

XapaKTePU3YLIX CKOPOCTb BbIMOAHEHUS OTAEbHbIX

onepauun, Hanpumep:

® CKOPOCTb BypeHus (MexaHmn4eckasd, pencoBas,
M/4ac; Kommepueckas, M/CTaHKO-MEeC;

e pacxopf gosot Ha 1000 M NPOXOAKM, LWT.;

e OajlaHC BpeMeHu Ha BypeHue CKBaXKMHbI M Ha 1 M
NPOXOAKW, Yac.;

® CTOMMOCTb DypeHus 1 M, pyb. n ap.
N Ka4YeCTBEHHbIX NokKasaTesien, XxapakTepusyoLnx
CTeneHb BbINOHEHUS MOCTaBAEHHbIX 3a4a4 Npu
OypeHnn CKBaXKMH (BbIXon, KepHa, %; NHTEHCUBHOCTb
NCKPUBEHNSA CKBaXKUHbI, rpagyc/m n ap.) [1, 19].

3HauyeHusa gaHHbIX nokasaTenen 3aBucaT OT psaaa
HeynpaBsSeMbIX (Fre010rMYECKMX YCOBUIN BypeHns,
MEXaHUYECKMX CBOMCTB FOPHbIX MOpOoa, YCNOBUM UX
3aneraHus, caydarHbix cobbitui n gp.) [15, 16, 17,
18] 1 ynpaBnsiembix hakTopoB, K YACIY KOTOPbIX
OTHOCHATCS PEXNMHbIE MapamMeTpbl BypeHus.

OOHaKo KOMMYECTBEHHbIE NOKa3aTeNN OaHHbIX
KpUTEPMEB He BCcerga no3BonstoT OCTOBEPHO
OLUEeHUTb 3PMEKTUBHOCTL NMpoLIecca bypeHus.

CornacHo B.C. ®epopoBa [2, 3, 4] BivsHME
PEXVMHbIX MapamMeTpOB Ha nokasaTenu
MEXaHUYECKOr0 BYPEHNSA HOCUT KOMMIEKCHbIN
XapakTep 1 CyanTb O BAUSHUN TOro, UK MHOMO
napameTpa no KoJIMYeCTBEHHbIM NMokKasaTesisim
Yrny61eHus CKBaXKMHbI [OCTATOYHO CITOXKHO.
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In the above conditions, expressing the drilling
performance indicators through specific variables
determines the drilling parameters influence on drilling
performance.

The main advantages of the information technologies
application to technical processes control is to
improve the process quality, its productivity, reduce
time, cost, and increase the accuracy and stability of
the operations performed.

Well drilling - a rock destruction process - is
accompanied with numerous and various physical
phenomena, which effectiveness shall be assessed

by a number of quantitative indicators specifying

the performance speed of individual operations, for

example:

e rate of penetration (mechanical speed; drilling speed
per run; m/hour; commercial, m/rig-month;

e bits consumption per 1000 m of penetration, pcs;

e drilling time schedule per well or 1 m drilled, hour;

e cost of 1 m drilled, RUB, etc. and qualitative
indicators describing the achievement of well drilling
performance targets (core recovery, %; well
deviation intensity, degree/m, etc.) [1].

These values depend on several non-controlled
(geological settings of drilling, rock mechanical
properties, conditions of rock occurrence, random
events,etc.) and controlled factors, which include the
drilling parameters.

However, these criteria do not always enable a reliable
assessment of drilling efficiency.

According to V. S. Fedorov [2, 3, 4] the effect of
the operating parameters on drilling performances
is complex, and it is not an easy task to assess the
different parameters effects on drilling based on the
quantitative indicators.

To optimize the drilling process a modeling was built
based on the theoretical calculations and empirical
regularities. The following works are known among
domestic researches: V. S. VoHtenko [1], V. S.
Fedorov [4], B. A. Zhlobinsky [5], B. V. Baydyuk, V.
Yu. Bliznyukov, V. S. Zaretsky [6], V. D. Evseev [7],
V. V. Neskoromnykh [8] etc. considering the effect
of different factors (geological settings, drilling
parameters, bottomhole conditions, etc.) on rock
destruction.

Hence, according to V. S. Fedorov, the following

parameters have a significant impact on the rate of
well deepening: the mechanical properties of rocks,
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B bYPEHVE

CTpeMneHne onTUMn3npoBaThb NPOLLECC BypeHUs
NPWBESIO K NOMbITKaM CO34aHVs MOdeNen aToro
npougecca, OCHOBaHHbIX Ha TEOPETUYECKMX pacyeTax
N BMMNPUYECKUX 3aKOHOMePHOCTSX. Cpean
OTEYECTBEHHbIX YYEHbIX M3BECTHbI PaboThl: B.C.
Bonterko [1], B.C. ®epoposa [4], B.A. )KnobunHckoro
[6], Bangtoka B.B., BnngHiokosa B.1O., 3apeukoro
B.C. [6], B.. EBceeBa [7], B.B. HeckopomHbIx [8]

N Op., r4e paccMaTpmBatoTCst BOMPOChI O BANAHNM
pas3/IMYHbIX (DaKTOPOB (Fre0STIOMMHYECKIX YCIOBUN,
napameTpoB pexuma 6ypeHns, 3a60nHbIX YCA0BUM 1
Op.) Ha paspyLleHne ropHbIX MOPOA.

Tak, no B.C. ®enopoBy, Ha Temn yrnybneHns
CKBaXXWHbI pellatolLee BNNSHME OKa3blBatoT:
MeXaHW4YeCcKe CBOMCTBA MOPO/,; YCNOBUS UX
3aneraHus; NPUPoAa BELLECTBa, 3anoHSIOLLLErO
MOpOBble NMPOCTPaHCTBA; CNOcob pa3pyLUleHUs
MOPO/Abl; KOHCTPYKTVBHbIE OCOBEHHOCTU U
OOJITOBEYHOCTb paspyLUatoLnX MHCTPYMEHTOB; METOL,
yaaneHus 3 3abos CKBaXkMHbI BblIOYpPEHHOM NOpoabl;
COBEPLUIEHCTBO 1 MOLLHOCTb 6ypoBOro o60pynoBaHns

n op.

BangHue pexxrMHbIX napamMeTpoB paboThl
nopoaopa3pyLLatoLLLErO NHCTPYMEHTA Ha nokasaTesniv
3 DEKTUBHOCTY POTOPHOIO N TYPOUHHOrO BypeHus,
PacCMOTPEHHbIe B paboTax BbllLEyKa3aHHbIX

aBTOPOB OTpaXKatoT 06LLME TEHOEHLUMN NBMEHEHUS
MEXaHU4YeCKOM CKOPOCTU U1 BPeMeHK paboTkl AoioTa
(monroBe4HOCTN) NPY PaspPyLLUEHU FTOPHbIX NOPOA,
puc. 1.

IameHeHne Kaxxaoro 13 napameTpos G .n,Q Ha
paspyLUeHne ropHbIX Nopoa Npu 6yperHun 3aBuCUT OT
3a4aHHbIX 3HAYEHUM OPYrX NapamMeTpoB. YBENVYeHne
0[HOro 13 ynpaBAgeMblX NapaMeTpoB, HANMPUMEP,
OCEBOW Harpyaku, CnocobCTBYET MOBbLILLEHWIO

3P PEKTUBHOCTN BYPEHNS TONTBKO NPY OnNpeaeeHHOM
COYeTaHUN APYruX ynpaBiseMblX napameTpoB:
pacxoga NPOMbIBOYHOM XXUAKOCTU, YaCTOThbI
BpaLLeHNs MHCTpYyMeHTa 1 ap. [7].

Mpw TYpOUHHOM BYPEHNN N3MEHEHUE BENYMHDI
pacxoga 6ypoBoOro pacteopa Q BfeyeT 3a cobom
N3MEHEHWNE CKOPOCTM BpaLleHWst 4o10Ta n 1 OCEBOWN
Harpysku G,. 34eCb, OCHOBHbIM NapaMeTpPOM pexrma
OypeHUs ABNAETCA KOMYECTBO NPOKAYMBAEMOW
NMPOMBIBOYHOM »XMUAKOCTN Q. B aTOM cnydae ocesas
Harpyska Ha gosioto G, 3aBUCUT OT UHTEHCUBHOCTU
NPOMbIBKN Q

G,=fQ), (1)

Yrcno o6opoToB A00Ta 1 B TYPOUHHOM BypeHnn
nepeMeHHoO N 3aBNCUT OT KOJIN4YeCTBa I'IpOKa‘—II/IBaeMOVI
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conditions of occurrence; origin of the substance filling
pore space; method of rock destruction; drilling bit
design and service life; methods of cuttings removal
from hole; perfection and power of drilling equipment,
etc.

The effect of rock destruction tools operating
parameters on rotary and turbine drilling performances
as described in the above publications depicts the
general trends of the drilling rate V, . and bit operating
time ¢, (service life) which changes over the course of
rock destruction is shown in Fig. 1.

Vot
M

V. =J(n), G,=const, Q=const
" Ve = f(Gy ), n=const, Q=const
V... =f(0), G,=const, n=const

t, = f(G,), n=const,Q=const

G,mQ

roe G, - ocesasa Harpyska Ha [0n0To, m; n - 4acToTa
BpalleHus 0onaoTa, 06/MuH;
Q - HTEHCUBHOCTb MPOMbIBKM, JI/MUH;

where G, - axial weight on drilling bit (t); » - bit speed

(rom);
Q - circulation rate (I/min);

Puc. 1: BavsHre pexxnmMHbIX MapaMeTpoB Ha KpUTepum
3(hhEKTUBHOCTM NPON3BOACTBA PAGOT MPY POTOPHOM OypeHUM

Fig. 1: Driling parameters effect on rotary driling performance

The effect of each parameter G ,n,Q on rock
destruction during drilling is a function of the preset
values of the other parameters. An increase in of one
of the controlled parameters, such as, axial weight,
contributes to a drilling performances improvement
only in combination with other controlled parameters:
circulation fluid flow rate, bit speed, etc [7].

In turbine drilling, a change in drilling mud flow rate Q
results in a change in the bit speed n and axial weight
G,. Here, the main drilling parameter is the volume
of circulation fluid pumped Q. In this case, the axial
weight on bit G, is a function of the circulation rate Q.

G,=fQ), (1)
In turbine drilling, bit speed n is a variable value that

is a function of the amount of fluid pumped and of the
axial weight on the bit, that is

n=f(0.G) (2)

www.rogtecmagazine.com



DRILLING

>KNOKOCTU U BEIMYUHBI OCEBOM Harpy3km Ha goJsioTo,
T.€.

n=1(0.G) (2)

Jtoboe n3ameHeHne 0CeBOn Harpy3ku Ha A00TO
npw TYPOUHHOM BYPEHNN MPUBOAUT K USMEHEHWIO
nokasatenen ero paboTbl, puc. 2.

OnTUManbHbIM PEXNM C MAKCUMYMOM PENCOBOM
CKOPOCTU BYAET OOCTUMHYT NpuY CPeOHEN BeNNYNHE
HarpysKun: Mexay 0CeBoW Harpyskomn Go7,
COOTBETCTBYIOLLEN MAKCHMaNIbHOW MEXaHNYECKOWM
CKOPOCTU V" 11 OCEBOWN HArpy3kom G™n,

mech . - 0
COOTBETCTBYIOLLEN MaKCMaNbHOW NPOXOOKE Ha
nonoTo, puc. 2, [1].

CoyeTaHune peryampyemMbix NnapaMeTpoB, BAUSIOLLMX
Ha nokasaTenu BypeHuns, NO3BONSIOLLME NOyYaTb
NX Hanbonee BbICOKNE KOJIMYECTBEHHbIE U
Ka4eCTBEHHbIE 3HAYEHNS ONpedenseT onTUMasbHbIN
peXunm BypenHus.

B.B. HeckopoMmHbIx, [8] ykasbiBaeT onTUMasibHble
napameTpbl pexxrmMa BypeHus, Kak napameTpsl,
KOTOpPble COOTBETCTBYIOT MUHUMYMY CTOUMOCTH
MNPOXOKM U XapakTepuayTcs MUHMMasIbHbIMU
3aTpatamMy aHeprum Ha paspyLleHne, BbICOKUMMN
3HAYEHVAMU MEXAHUYECKUX CKOPOCTEN BypeHus 1
3P (PEKTUBHBIM PECYPCOM BYPOBOIrO MHCTPYMEHTA.

Bonpocamu onTManbHOMO CoYeTaHUS PEXNMHbIX
napameTpoB OypeHns 3aHMMaIMCb MHOTME Hay4YHO-
nccnenoBaTenbckme 1 y4ebHble 3aBeaerHns: BHUNBT,
BHUWKP, BHUVIKAHeTeras, AgHedTexmm nm.
A31n36ekoBa, PI'Y HedhTu 1 raza nmeHu V1.M. IN'ybknHa
n op. VItorom ctanu paspaboTaHHble MHCTUTYTamu
Moaenu paboTbl OYpoBOro AosioTa Ha 3aboe
CKBaXXWHbI, e B KA4ECTBE KPUTEPUS ONTUMaIbHOCTU
MPUHSITbI MEXAHNYECKas CKOPOCTb BYpPeHUs], Bpemst
paboTbl Aos10Ta Ha 3aboe N CTOMMOCTb MeTpa
NPOXOOKMW.

[Mosly4YeHHbIe SMMUPUYECKUM MYTEM C YYETOM
[OCTaTO4YHO OBLLIMPHOro onbiTa BYPEeHNs CKBaXKMH

B Poccun (CCCP), CLUA, KaHage v gp. cTpaHax
ypaBHEHWS OMUCHIBAIOT C/IOXHbIV XapakTep BIVSHUS
MHOXXECTBa napameTpos, Tabn. 1.

B MrpoBoOW npakTrke NpUCYTCTBYIOT TakXe
3apybexxHble mogenu anne-Byaca-JlyéuHckoro, M.I.
buHrxama n ap., npeacTtasneHHble B [13].

OcHoBaHHble Ha SKCneprMeHTasibHbIX OaHHbIX

6y|oeH|/|9| CKBa>XVH B Pa3JIM4HbIX pernmoHax Mmmpa,
MaTeMatTndeckmne Moaesin yctaHaBaMBakOT

www.rogtecmagazine.com

G(I)'l'lil‘ll G » Mpa

G™
roe G, - ocesasl Harpyska Ha A0M0TOo, m; n - 4acToTa
BpaLleHus gonoTa, 06/MuH;
h - Nnpoxofka Ha OoJ10TOo, M;
where G, - axial weight on drilling bit (t); » - bit speed

(rpmy);
h - headway per bit (m);

Puc. 2: BavsgHne oceBom Harpy3kmy Ha MeXaHU4eCKyto CKOPOCTb,
MPOXOAKY M YacTOTy BpaLleHMs fosioTa npu TypouHHOM BypeHinm

Fig. 2: Axial weight on bit versus drilling rate, meters drilled and bit
speed during turbine drilling

In turbine drilling, any change in the axial weight on bit
leads to a change in bit performance, Fig. 2.

The optimal mode at maximum bit run speed will

be achieved at an average axial weight value G;™
corresponding to maximum rate of penetration V7«
and an axial weight G corresponding to maximum
headway per bit, Fig. 2, [1].

The combination of the controlled parameters effecting
drilling performance allowing their highest quantitative
and qualitative values determines the optimal drilling
mode.

V. V. Neskoromnykh [8] indicates the optimal drilling
parameters as those corresponding to minimum
drilling cost and are characterized with minimal energy
consumption for rock destruction, the highest drilling
rates and effective bit service life.

Different research and design institutes, and
universities have been involved in studies of the
optimal combination of drilling parameters: VNIIBT,
VNIIKR, VNIIKAneftegaz, Azizbekov Azneftekhim,
Gubkin Oil and Gas University, etc. As a result, bit
bottomhole performances were modeled based on the
following optimum criteria: rate of penetration, bit run
and cost of 1m drilled.

Empirical equations derived from the sufficiently wide
experience of well drilling in Russia (USSR), USA,
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M | Hanmenosanme
nn MOAETH
1

DYHKIHOHATEHAN JABHCHMOCTE

OGoanavenns

Mopnens
BHHUMET

dh o

—=k,-G*-n" g T-aG—bn
dt

dB A

e

& T—aG—-bn

OnTHMH3ALNA 10 KPHTEPHIO

€To B MCTPA 11

_ At,(G.n)+ A
h(G,n)

q — min

h - Texymas npoxoka;

1 - TEKYIUEE BPEMA;

ky - xoadument
GYpHMOCTH 110pOJL;

G - HArpY3Ka Ha J0JI0TO;

n - 060POTEHL A0NOTA;

T - Bpems paboThl JonoTa;

B - wsnoc monora;

A, - abpasusrocts Gyposoro
pacTeopa;

a,d - MOKA3aTelH CTeIeHH;
a, - koodidHimenT
3aTyIUIeHNA 3yGher A070Ta;
a,b - kosduimenTs.

A, u A, - croumocts paGoTst
Byposoii yeranosku, oM [13];
1; - Bpems Oyperus;

2 Mopens ['TIH
(I'pyauHckoro
MPOEKTHOTO
HMHCTHTYTa)
YUHTHIBAET
OTACTBHO H3HOC
JIONOTA N0
OL0pe H 10
BOOPYKCHHIO

= dits +dytenp + Gy

ﬁ - Gal _ nﬁl
@ U+kD)

; _ 67"
dt 1+ kD,

dB _ a3 p3
a'r_CG n

ONTHMH3ALNAA 110 KPHTEPHIO
CTOHMOCTb METPA IPOXO/IKH

— min

D, - H3HOC ONOPEI A0JI0TA;

a,f,8 - nokasarenu
CTEMEHH, ONpeIeNAOTCS HA
OCHOBAHHH IKCIICPHMEHTOB;

C - roodupuument
3ATYIVICHHA [010Ta;

A - xoodupuumenT H3noca
OMOpH AON0TE,
YUHTLIBaIOMIHiE 26PA3HEHOCTE
GypoBoro pacTeopa;

k, - xoopdrunent n3noca
OMOPRI;

B - M3HOC BOOPYWKEHHA
JAONOTa;

tepo - Bpema CIIO.

Asnedrexum

=k;-G’-n*-F

&[5

|&
.

d T—aG—In

F - diynxums, yaTeBalOmas
TAIEHHE MEXaHHHECKOH
CKOPOCTH H3-33 H3HOCA
JAonoTa

dB
E - CKOPOCTE

OTHOCHTEIBHOIO H3HOCA
AonoTa

A - koathpuupenT,
YUHTHIBAIOIIHH BIHAHHE
CBOMCTB MPOMBEIBOYHOMH

SHIKOCTH HA HIHOC JI0NOTa
a, 8 - koadpHImHeHTE,

I Ha ¢
IKCTIEPHMEHTOB,

Tabnuua 1: Matematnyeckmne Mogeny npoLecca 6ypeHvs B
anepeHLIansHOM BUaE

B3aIMOCB$3b YNPaBAStoLLMX NapaMeTpoB B
COOTBETCTBME C TEM UM UHBbIM TPpeboBaHMEM K
npoueccy (MUHUMaIbHOW CTOMMOCTY MPOXOOKN
CKBaXXMHbI, MAKCUMasTbHOW MEXaHNYEeCKOM CKOPOCTU U
MaKchMasbHbIM BpEMEHEM paboTbl 4010Ta).

B npencTaBneHHbIX MOAENAX ONTUMaIbHOE CoYeTaHme
PEXNMHbBIX MapamMeTpoB bypeHns onpenenseTcs
9KCTPEemMasbHbIMX 3HAYEHUAMN Taknx rnokasaTesnem

90

ROGTEC

Canada and other countries describes the complex
relationship between the numerous parameters, Table 1.

Item
No.

Model name

Functional relationship

Legend

1 | VNIIBT model

ﬂ=J’c -G°-n® -e“ﬁ:g;“;
a

h - current drilling rate;

t - current time;

Optimization based on 1 m drilled

ﬁ . I
dt ~ T-aG-bn SRl
n - bit speed;
T - bit run;
Optimization based on 1 m drilled | 5 1. wear;
cost
- drilling mud abrasi
A4,(Gn)+ A A, - drilling mud sbeusive
g=—""——"———min |ability;
h(G,n)
@,d - exponents;
a, - bit dulling factor;
a,b - coefficients.
A, and A, - drill rig daily rate
[13);
1, - rig time;
2 | GDI (Georgian dh k Gyt D, - bit bearing wear;
Design —_—=f,—
Institute) d "1+ kD, )’ @, f,8 - exponents, to be
considers bit determined experimentally;
bearing and P ] ; E
g dap, _ ,G*-n C - bit dulling factor;
wear dt 1+ kD, A - bit bearing wear factor
subject to mud abrasive
ﬁ —C.GP ability;
dt k; - bit bearing wear factor;

B - bit cutting structure wear;

1, - tripping time.

cost
_dt+dt, +C
h
3 Azneftekhim dh F - function considering
e Ezkd-G"-n“-F drilling rate drop due to bit
wear
4 4 = bit wear relative rat
T e = it wear relative rate
di  T-aG-bn dt

A - coefficient, considering
drilling fluid impact on bit
wear

a, f§ - coefficients, to be
determined experimentally;

Table 1: Mathematical models providing differential equations for
drilling process description

Galle-Woods-Lubinsky, Bingham and other models are
world-wide known [13].

Mathematical models based on world-wide drilling
data establish the relationship of the control

parameters subject to this or that drilling process
requirement (minimum well drilling cost, maximum
drilling rate and maximum bit run).

In the above models, the optimal combination of
drilling parameters is determined by the extreme
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DRILLING

S PEKTMBHOCTN, Kak: MHTEHCUBHOCTb NPOXOOKMN

CKBa>KMHbI ﬁ , NBHOC pnonota dB dD,, CTOMMOCTb
dt dt’ dt

MEeTpa MPOXOOKMN , YTO XapakKTepu3dyeTCs BbICOKUMM

3HAYEHUAMYM MexXaHNYeCcKMX CKOpOCTen bypeHus,

MVHVMaIbHbIMW 3aTpaTtamMy IHeprny Ha paspyLleHme

1 MakcuManbHbIM PECYPCOM BypPOBOro MHCTPYMEHTA.

[Mpy 3TOM KONIMYECTBEHHbIE 3HAYEHNS ONTMabHbIX
nokasaTesien He MOryT ObITb peLlarLLM (HakTOPOM
ONs OLUEHKU 3PPEKTUBHOCTU BYPEHNSA CKBaXKIH,

T.K. YJIy4ULLIEHVE OOHOIrO napameTpa MOXeT
COMPOBOXAATLCH yXyALIEHNEM OPYIrX NapamMeTpoB.
Kpome Toro, npuv NnoACTaHOBKE B BbIPaXXEHUS €ANHUL,
N3MEPEHUS (PUBNYECKNX BESTUYMH, PASMEPHOCTU
NeBOV 1 NpaBOn YacTn ypaBHEHUSA HE COBMagaroT, YTo
TpebyeT BBeAeHUst KO PULMEHTOB, BbipaBHMBAOLLMX
pPa3MepHOCTb eOMHNL, NSMEPEHNS.

[Mony4nTb NONHYKO MaTeEMaTUYECKYO MOOENb,

4YeTKO OTpaXkarLLy Bce hnsnyeckme acnekThbl

OypeHnst JOBOMbHO 3aTPYOHUTENBHO, U NPAaKTUYECKN

HEBO3MOXXHO B CUNY pAaa NMPUYmH:

® OTCYTCTBMEM B HACTOSLLEE BPEMS €ONHON
pPaboToOCNOCOOHOM TEOPUM MPOYHOCTMU,
06 BACHSAOLLEN PUINYECKUE ABNEHUS MPU
paspyLUeHN ropHbIX Nopoa;

® Hann4ymem 60/bLLIOrO KOMYecTBa Cry4YarHblx
dakTopoB, reHepanbHas COBOKYMHOCTb KOTOPbIX
Hen3BecTHa;

® HeonpeneseHHOCTY FOPHO-re0/1I0rMYecKmX YC0BUI
OypeHnsa reonoropasBenoYHbIX CKBaXKMH.

Takum 06pasomM NP HEN3BECTHbLIX U CITOXHbBIX
TEOPETUHECKMX 3aKOHOMEPHOCTSAX MPOTEKAHMA MpoLiecca
C 60JIbLUNM KOSTMYECTBOM BIINSIIOLLIMX (DAKTOPOB, KaKnM
ABSETCS NPOLLECC BypeHNs, HalTN peLleHne 3aaa4dm B
aHanuTn4eckon opme (B hopme anddepeHLmansHbIx
YpaBHEHWI) KpanHe 3aTpyaHUTENBHO.

YunTbiBas TOT hakT, YTO BANAHNE OTAENbHbIX
hakTopoB (reonornyeckme yCnoBus, PexxXxnMmHble
napameTpbl BYpeHust, KOHCTPYKTMBHbIE OCOBEHHOCTU
VHCTPYMEHTA 1 Ap.) Ha nokasaTtenn dypeHns
NPOSIBNSIETCA He OTAENIbHO, 8 COBMECTHO, U 3aBUCUT
OT 3afaHHbIX 3HA4YEeHUIN OPYrux NnapameTpoB,
PacCMOTPUM pelleHne 3a4a4u NoBbILLEHUS

3 DHEKTMBHOCTI BYpPEeHMs B BUAE HAXOXAEHNS
B3aVIMOCBS3U MexXXay OTAesIbHbIMW rpynnamMmn BENNYUH.

[Mepexon OT 06blYHBIX PUSUYECKUX BENUMH K

BEJIMYMHAM KOMMJIEKCHOIO TUMNa UMEET crieaytoue

npenmyLLecTsa Npu PeLleHnn NCCneqoBaTebCKMX

3agaq:

® BO3MOXXHOCTb YCTAHOBJ/IEHNS KOMMIEKCHOIO
BINGHMS NapamMeTpPOB Ha BblIOPaHHbIE KPUTEPUM
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values of the efficiency indicators as: well penetration

rate dh bit wear dB dD; , cost per 1m drilled ¢, which
dt dt’ dt

are described with high values of drilling rate, minimum

energy consumption for rock destruction, and

maximum bit service life.

With that, quantitative values of the optimal indicators
cannot play a decisive role in the assessment of well
drilling effectiveness since the improvement of one
parameter may be accompanied with degradation of
another. Besides, the dimensionality of the right and
left parts of the equation does not coincide, when
physical values are introduced, hence the coefficients
are required to smooth the dimensionality of the units
of measurement.

It is not an easy task to build a mathematical model
clearly imaging all physical drilling aspects, which is
impractical due to:
e |ack of a present-day unified efficient strength theory
explaining physical phenomena of rock destruction;
e numerous random factors, which parent population
is unknown;
e uncertainty of geological settings of exploration
well drilling.

Hence, when the theoretical trends of the process
(like drilling process) are affected with a great number
of critical factors which are unknown, it is extremely
difficult to find an analytical solution (by means of
differential equations) of the problem.

Because the effect of different factors (geological
settings, drilling parameters) the bit design (features,
etc.) impact on drilling performance cannot be
observed individually, but as a combination of factors,
and this also depends on the preset values of other
parameters, the following solution of the problem of
drilling effectiveness improvement is determined by the
relationship between individual groups of values.

The transition from common physical values to those
of a complex type has the following advantages for a
research task solution:

e potential determination of the parameters that have
a complex effect on selected performance criteria

e reduction of interdependent variables.

e when a problem with complex variables needs
solving, a wide range of events need to be
considered rather than a single case of any one
parameter’s contribution to drilling performance [11].

In light of the selected criteria for drilling effectiveness

(V... - rate of penetration; C - cost of 1m drilled; 7,
- bit run), the mechanical process of well deepening
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3 PEKTMBHOCTU NPOM3BOACTBA PaboT;

® COKpalleHne Ymca B3anMo3aBrCUMbIX
nepemMeHHbIX;

® Py PACCMOTPEHUM 3a4a4N B KOMMIEKCHbIX
nepemMeHHbIX UCCNeayeTcs He eQUHNYHBIA YaCTHbIN
cayyam BAUSHNS Kakoro-nmbo 13 napaMeTpoB Ha
noBblLLEeHVEe 3PPEKTUBHOCTY BypeHus, a
MHO>XXECTBO PasfiNYHbIX CllydaeB, ONpeaenstoLux
adhdekTMBHOCTL Mpouecca [11].

C yyeToM BbIBpaHHbIX KpnTepreB 3hHeKTUBHOCTH
Byposbix paboT (V, , - MexaHnyeckas CKOpOCTb
BypeHus; C - CTOUMOCTb BypeHuns 1 M; ¢, - Bpems
paboTbl A00Ta Ha 3aboe), MaTeMaTU4ecKu
MEXaHWYECKMI NPOLLECC YryONEeHNS CKBaXKNHbI MOXKET
ObITb NPEACTaB/IEH B BUOE CUCTEMbI YPABHEHNIA:

Ve = F(Goim;0;,9,0) 3)
C=f(Gy;nmQq;0) or Z,,,,, = f(Gy;n;0:9;0)
t,=f(G,;n;0:q;0) or h= f(Gy;m;,0;q;0)

[oe: ¢ - NOTHOCTb BYPOBOroO pacTBopa; o -
npenes NpoYHOCTN ropHoM nopoabl, G,:n:Q -
B3arMO3aBUC/Mble MapamMeTpbl, ONTMasibHOE
coyeTaHne KOTOPbIX MO3BONSAET BbIOPAHHbIM
Kputepuam vV  -C;t, N Zemgy;h npUHMMAaTb
3KCTPEMaSIbHbIE 3HAYEHNS.

Onga ycTaHoBAEHNS YHKLUMOHANBHOM CBA3N MexXay
napametpamun pexunma oyperus G; n; Q, Ha KOTOpble
BO3MO>XHO OKaablBaTb BO3OENCTBME B COOTBETCTBME C
TEM UNN NHBIM TpeboBaHNEM K NPOLECCY

(V. . Cit)—>MINMAXvnn (V2 Z  :h) > MIN;MAX

mech’ mech’ “energy

BOCMOJ/Ib3yEeMCS NOJIOXKEHNAMN Teopun noaobusa [11].

3annck 1 peLleHne ypaBHeHU (3) ¢ MCNOb30BaHNEM
METOAa PasMepPHOCTU BXOASALLMX BEUYMH MO3BOANIIO
YCTaHOBUTb DYHKLMOHASbHYIO CBSI3b MeX Oy
PEXVMHbBIMW NapamMmeTpamu bypeHus [12].

a (4)
GO : f @ 1 &

» b‘ 3

F.o Vv,

s Is

rae F - nnowanb KOHTakTa 6ypoBoro gonora ¢
rOPHOW NOPOAOW, mm?; v, NNHEeNHasa CKOPOCTb
nepemMelleHns pesua MHCTpyMeHTa, m /s, a,B,6 -
nokasartenu CTeneHun, onpefensemMble SMNMPUYECcKnm
nyTeMm.

Bbioenvm 13 ypaBHeHUs (4) KOMMIEKCHbIE

ne B BUAe:
2
ﬁf — __mech .
1) Vs xapaKTepusyeT pexxum paspyLUeHns
92 | ROGTEC

can be presented mathematically through a system of
equations:

Ve = (Gosm; 959, 0) (3)
C=f(G;nmQq;0) or Z,,,,, = [(G,;n,0:9;0)
t,=f(Gy;n;Q;q;0) or h= f(Gy;m;0;9;0)

Where: ¢ - drilling mud weight; o - rock ultimate
strength; G;n;Q - interdependent parameters, which
optimum combination enables extreme values of
selected criteria V, ,.;C;t,or Z, . h.

To determine a functional relation between the

drilling parameters G; n; Q, which may be affected

in accordance with this or that process requirement
(Ves C 1,) > MIN;MAX OF (V27 h) ~ MIN;MAX
the provisions of similarity theory have been assumed
[11].

Equation (3) formulation and solutions with the help
from the included values dimensional method, enabled
a determination of the functional relationship between
the drilling parameters [12].

G, V. 1 “
o mech s d
ol v, ) v

s Is

where F - bit-to-rock contact area, mm?; v, bit cutter
linear speed, m /s, a,B,8 - exponents to be determined
empirically.

Select complex variables from equation (4) as follows:

= @, describes rock destruction mode: from

Vi
B . . V
bit impact penetration, when 7, = —2¢% 3 00
v
Is

to friction without rock destruction, when

) 7,

Hoa s hesey (o}
describes the condition of solid body (rock)
mechanical destruction with external forces applied
to a drilling bit, which strength is higher than the rock
strength.

o .
If r, = —destr 1 stresses created in rock do not

o
exceed its strength limit, and rock does not fail.
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FOPHOW Mopodbl: OT YAapPHOro BHEOPEHUs

NHCTPYMEHTAa, Korga V . , 4O
— __mec
=2k 50
vis
TpeHns 6es paspylleHns nopoabl, Korga
T, = Vmedr ey 0
e .
v!s
2) ., = Go _ﬂ.l_ﬂ
, = = =
Hoa s hesey (o}

ONPEeAensieT yCNoBME MEXaHNHYECKOrO pa3pyLLeHns
TBEPOOro Tena (Mopoabl) Ha 3/1EMEHThI MO, AENCTBUEM
BHELLHVX CU, NpuiaraemMbiXx K BHEAPAEMOMY B
nopoay MHCTpyMeHTa, obnagatouymM 60/bLIen
MPOYHOCTHLIO, YEM cama nopona.

o
Ecrm 7z, = —destr <1 70 HanNpsHKEHWs, Co3aaBaeMble
o
B MOpO/e He NpeBbIlLaloT ee npeaena Npo4YHoOCTA U
paspyLUeHNs He NPOUCXOONT.

o
ECﬂM ﬁzz destr >1,
a

HanpPsYKeHNs, cosaaBaemMble
B NOPOJe NPeBbILAaoT Npeae Npo4YHOCTH,
COOTBETCTBEHHO MPONCXOOUT PaspyLLeHe.

PaccMoTprM 3Ha4YEHNS KOMMIEKCHbIX MEPEMEHHbIX
Ha npumepe BypeHns HeMTAHON CKBaXKUHbI (13
dhoHaa NpobypeEHHbIX CKBAXKMH Ha TEpPUTOPUN
Bonrorpagckon obnactu, pexxmMMmHble napamMeTpbl

6ypeH|/|9| KOTOpOI7| Ha3Ha4yeHbl C No3nunn Vmech - MAX
n h - MAX)), Tabn. 2.
CayGuna Onncanne BypumocTs Py 1 prI** P
CKB., M nopoaL TOPHBIX napaMeTps
mopon
(kateropus Mex. Ocepas | Cxopocts m N
& | CKOPOCTH | HATPYIKA. | BpaIEHHSA
Sypumocti)* Gypenus, T. AoaoTa,
m/qac ofi/mun
50-219 Ilecok Iy 36,36 533 60,39 574 | 87
KBApUERBIT
MENKO3EPHHCTRIN.
219-280 Mecuanmxn v 77,26 8,55 20 52,08 | 26
MEKOIEPHHCTEIC
280-340 ['HRE cephie. VI 155,41 0,75 60 3492 | 318
Hapectnax
Meprens
1240 - | I'nHEE NAOTHEE. ViI 12,05 9,66 10,24 15,86 | 72,53
1290 AHTHAPHTEL
3760 - HapecTnax X 14,33 10,29 55,26 12,34 | 58,2
4020 MAOTHEIH
4020 - Aprimar, XI-X 827 10,45 60,73 3,05 | 18,89
4395 HIBECTHAK

Tabnuua 2: AHanns s heKTUBHOCTM NpoLiecca BypeHns HehTAHOM
CKBaXXMHbI 6e3pa3MepHbIMM KOMMIEKCaMM
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g O-de.r.rr 1 . .
If 7, ——O_ > 1, stresses created in rock exceed its
strength limit, and rock fails, respectively.

The values of complex variables are shown below
based on the oil well drilling practice (the well was
drilled in Volgograd Region, its drilling parameters
were defined from positions V- MAX and h -~ MAX),
Table 2.

ch

The table includes: full depth well column; rock description
and drillability data (as per scale of the unified classification
of rocks by drillability, according to a handbook of
estimate standards for geological exploration); [14];
drilling parameters (median values of MWD station data;
design values of drilling complex parameters).

Well Rock Rock Drilling parameters** Design
depth description drillability parameters
(m) (J!i ade)* Rate of Axial Bit speed T T,
penetration | weight on (rpm)
(m/h) bit (t)
50-219 Fine-grained v 36.36 533 60.39 574 87
quartz sand.
219-280 Fine-grained v 71.26 B.55 20 5208 | 26
sandstones.
280-340 | Grayclays Vi 155.41 075 60 3492 | 318
Limestone
Marl
1240- Dense clays VI 12.05 9.66 10.24 15.86 | 72.53
1290 Anhydrites
3760- | Dense limestone X 1433 10.29 55.26 1234 | 582
4020
4020- Mudstone, XI-X 827 10.45 60.73 305 | 18.89
4395 limestone

Table 2: Dimensionless group analysis of oil well drilling performance

Conclusion on Complex Calculations

1) Within well drilling intervals under consideration
(50-340 m; 1240-1290 m; 3760-4395 m) the values of
complex Vmch vary by an exponent part

V,
Is

that is indicative of the process instability with abrupt

changes from bit impact penetration to rotation

without rock destruction.

Impact dynamic loads may cause failure and
premature wear of polycrystalline diamond cutters with
drastic reduction of their service life.

vary within even

2) The values of complex 7z, = FGO

larger range. Stresses, which a bit creates in rock
(ratio G, ) exceed the rock ultimate strength ¢ from 3

F
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B Tabnuue npeacTaBneHbl: Fre00OMMYECKUIA paspes no
BCeW rNyburHe CKBaXKMHbI; OMncaHne ropHbIX MOPOoA,

N OaHHble Mo KX BypuMOCTU (kaTeropus onpeneneHa
COrf1acHO LUKanbl eQnHON Knaccudurkaumm nopos

no BypuMOCTK, COrlacHO COOPHMKA CMETHbLIX HOPM
Ha reonoropasBefoyHble PaboThl); [14]; PeXVMHbIE
napameTpbl OypeHus (MCNoIb30BaHbl MeanaHHbIe
3HaYeHMs AaHHbIX CTaHLMK Fre0Noro-TEXHOMOMMYECKNX
NCcCnenoBaHuii; pacyeTHblE 3HAYEHNS KOMMIEKCHBIX
napameTpoB OypeHus.

BbiBOO Mo pacyeTy KOMMJ1EKCOB:
1) B npeacTaBneHHbIX MHTEpBanax 6ypeHnst CKBaXKMHbI
(50 — 340 m; 1240-1290 m; 3760-4395 M) 3Ha4YeHNs
KoMMekca V. V3MeHsieTcs Ha Nopsifok,
72.1 — mec

vf.'.'
YTO CBUOETENBCTBYET O HECTAOUIBLHOCTU NpoLecca
C PE3KMMU Nepexodamn OT yAapHOro BHeOPEHNS
WHCTPYMEHTa [0 BpalleHns 6e3 paspyLleHus nopoabl.

YpapHble AMHaMUYeckmne Harpysku MoryT NpuBecTir
K MOJIOMKE U NPexXaeBpeMeHHOMY M3HOCY
nonnkpuctTananyeckmx pesuos PDC gonort,
3HAUYNTENIbHO COKpaLLLlas X CPOK aKCrayaTauun,

N3MEHAETCHA B

G,
2) 3HauyeHnsa KoMnaekca T, = 0
F.-o
eule 6oMbLUMX Npedenax. Hanps»keHns, co3gaBaemMble
B MOPOAE VHCTPYMEHTOM (OTHOLLEHME G, )

F

npeBbILLatoT Npeaes NPOYHOCTU Nopoabl o OoT 3
00 87 pas, 4TO CBUOETENbCTBYET O YPESMEPHOM
(HeahhekTBHOM) 3aTpaTe aHEPrM Npw
BpaLlaTenbHOM crocobe BypeHus.

3) OyHKLUMOHaIbHAsA CBA3b MeXaQy napameTpamm
OypeHus, npeactasfieHHas B BUOE KOMMIEKCOB T,

W 1, ONPEefenSoLMMM NPOLECC MEXaHNYECKOro
paspyLUeHNst FOPHbIX MOPOA NPWY BpaLLaTesIbHOM
cnocobe BypeHns MOXKET ObiTb UCNOIb30BaHa 414
pa3paboTKy CUCTEMbI aBTOMATUYECKOrO YNpaBieHNs
NpoLEeCccoM BypeHus.

Ha ocHOBaHMM 3a0aHHOMO 3HAYEHUST MEXaHUHYECKOW
CKOPOCTU B MHTEpBaniax OypeHus CKBaXKMHbI 1 C
YHETOM KOHCTPYKTMBHOIO MCNOJIHEHWS BYypOBOro
00J10Ta cucTemMa ynpasnisieT napameTpamu bypeHus
(4acToTOW BpalleHWs 4oS0Ta U OCEBOW HArpy3kom) ¢
LieJIblo NoAAepKaHNsa KOMMIEKCHbIX 3Ha4YeHUN T, 1 T,
B AManasoHe min 1 max, 4TO XapakTEPU3YET NPOoLLECC
Kak OnTUMasibHbIN.

JlntepaTtypa

1) TexHonorusa n TexHuka 6ypenud : B 2 4. / B. C.
BonteHko, A. . CmbluHuK, A. A. TyxTo, C. ®. LLiemeT.
— M. : IHpa-M, 2013. — Y. 2 : TexHonornsg dypeHus
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to 87 times that is indicative of excessive (inefficient)
energy consumption during rotary drilling.

3) Functional relationship between drilling parameters
described with complexes m, and m,, determining

the process of rock mechanical destruction during
rotary drilling, can be used to develop a system for
automated control of the drilling process.

Based on the preset drilling rate in well intervals, and
subject to a bit design, the system controls drilling
parameters (bit speed and axial weight on bit) in order
to maintain the complex values m, and m, within the
min and max range, which characterizes the process
as optimal.
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