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3anpononosano modenv 8ubopy cmabinizo8anux KOMnoHo8ok Hu3y 0ypunvroi xononu (KHBK) i3 ypaxysanmsm ingdopma-
UilIHOT HeBU3HAYUEHOCMI NPO KOHMAKM 0nopHo-uenmpyrouux enemenmis (OLJE) 3i cminkow ceeponosunu. Ha npuxnadi
Oanux OypiHHsT 8epMuUKANLHOT | NOXUNOT 0iNsTHOK ¢8. 172-Menexiscvkoi npoananizosano ii 6naue Ha cmamuuti i OUHAMIUHI
xapaxmepucmuxu KHBK. O6spynmosano onmumanvii KHBEK 0nst 6ypinnst sepmukanvhoi i noxunoi 0insinox ce. 172-Me-
7IeXi6CHKOL, HABEOEHO IX XAPAKMEPUCTUKU.

Kmouosi cmoBa: 6araroonopua KHBK, gunamiuni xapakrepucTuky, inpopmaniiiHa HeBU3HAYeHICTb, IIOXM/IA CBEPJIO-
BIHA, PUBKKI, CUCTeMa 0OMeXXeHb, CTATUYHI XapaKTepUCTUKIL.

IIpednoscena modenv 6vi60pa cMabUNUIUPOBAHHBIX KOMNOHO60K HU3a OypunvHoil konounvl (KHBK) ¢ yuemom ungopma-
UUOHHOTI HeonpedeneHHOCMU 0 KoHmakme onopHo-uenmpupyrougux snemenmos (OL3) co cmenkoii ckeaxcunv.. Ha npu-
Mmepe OaHHbIX OYPeHUS 6ePMUKANIbHO20 U HAKTIOHHO20 Y4ACKO8 CK6. 172-Menexo6cKoil npoaHanusuposaHo ee 61UsHUeE HA
cmamuueckue u ounamuyeckue xapakmepucmuxu KHBK. O6ocnosanvr onmumanvioie KHBK 0nst 6yperust sepmuxan-
HO20 U HAKTIOHHO20 Y14AcmKo6 ck6. 172-Menexosckoil, npusedervl ux Xapakmepucmuxu.

KimoueBble cmoBa: fuHaMu4ecKue XapakTepUCTUKY, MHGOPMALMOHHAA HeOlpefe/IecHHOCTh, MHOroonopuas KHBK, Ha-
KJIOHHAs CKBO)KMHA, PUCKI, CUCTeMa OIPaHIYEeHNIL, CTaTUYeCKye XapaKTepUCTUKIL.

The article suggests a model for selection of the stabilized bottom-hole assemblies (BHA) with the account of the information
uncertainty concerning the contact of the centralizing and supporting elements (CSE) with the wellbore wall. The influence of
well Melekhivska 172 on the BHA static and dynamic characteristics was analysed on the example of the data of drilling of its
vertical and inclined sections. Optimal BHAs for drilling of vertical and inclined sections of well Melekhivska 172 were justified
and their characteristics were provided.

Key words: constraint system, directional well, dynamic characteristics, information uncertainty, multi-supported BHA,
risk, static characteristics.

n engineering practices, selection of bottom-
hole assemblies (BHA) for drilling well curvature
stabilization sections are usually justified for a two-

iHXeHepHi npakTuli BUOGIP KOMMOHOBOK HU3Y
O6ypunbHOT KonoHn (KHBK) ans 6ypiHHs pinaHOK
cTabinisauii KpYBMHU OGFPYHTOBYIOTb Ha OCHOBI

aHanisy CTaTUYHUX i QUHAMIYHUX PO3B'A3KIB cUCTeM An-
depeHUianbHNX PiBHAHDb PIBHOBArY MPY»KHOT OCi HM3Y OY-
PWAbHOI KONMOHW 3a3BMYal AnA MOCKOI PO3PaxyHKOBOI
cxemun [1-4]. Mpu LbOMy OMOPHO-LEHTPYIOUI efleMeHTH
(OLIE) mopentotoTb K MOBHO- | HEMOBHOPO3MipHi TOUKOBI
onopu 3 ix GpikcoBaHUM MicLieM pPOo3TaLlyBaHHsA (y LeHTpI
onopw).

OueBuMAHO, WO Taka MoAeNb He € aIeKBAaTHOO HaBITb i3
ypaxyBaHHAM NPUNyLeHHA NPo TOYKoBUiA KOHTaKT OLE
3i CTiHKOIO CBepAnoBMHU. KOHCTPYKTMBHI 0CO6/MBOC-
Ti OLUE (HasiBHiCTb MOBEPXHi 3 HOMIHANIbHVM AiaMeTPOM
Dl, i JOBXNHOO li), A TAaKOX NNOKasbHi HEPIBHOCTi CTIHOK

dimensional design model on the basis of the analysis
of the static and dynamic solutions for the differential
equation system of the elastic axis balance of the
BHA [1-4]. Therewith, the centralizing and supporting
elements (CSE) are modelled as full- and part-size point
supports with their fixed location (in the center of the
support).

Itis clear that such a model in not adequate even with
the account of the assumption about the point contact of
the CSEwiththewellbore wall.The CSE design peculiarities
(availability of a surface with the nominal diameter D,
and length /) and local wellbore wall irregularities permit



CBEpPANOBUH JOMYCKalOTb HEBU3HAYEHOCTI Y Tpaamuin-
Hil MOCTaHOBUi 3aflay OLiHKN CTaTUYHUX i ANHAMIYHUX
xapakTepuctnuk KHBK gna 3apaHux ymos 6ypiHHA [1-4].

Y Hawin cTatTi po3rnaHyTo BWGIp CTabinizoBaHUX
KHBK ansa potopHoro 6ypiHHA CBEpASIOBMH i3 ypaxyBaH-
HAM iHdOpMaLiNHOI HeBM3HauYeHOCTi Npo KoHTakT OLIE
3i CTiHKOW cBeppasioBMHU. B ocHOBY noknageHo 3anpo-
noHoBaHi B [3] Ta PO3BUHYTI 3 ypaxyBaHHAM MONidyHK-
uioHanbHux Bumor go KHBK y [5-7] meTtoanuHi 3acagu ix
BMOOPY.

Po3paxyHok xapakrtepuctuk KHbK

[nAa po3paxyHKy CTaTUYHUX i AMHAMIYHUX XapaKTe-
puctnk KHBK B ymoBax iHpopmaLiiHOT HeBM3HaYeHOCTi
npo koHTakT OLE 3i cTiHKOIO CBEpANOBUHM BUKOPUCTA-
HO mogernb [3, ¢. 119]. AndepeHuianbHe piBHAHHA Nomne-
peyHoi gedopmalii enemeHTa HU3y GYPUSIbHOI KOTOHU

d? d*w d dw .
W[EIWJ + E(N(X)Ej —-0’p,Sw= (PM - Pp)gS sina, (1)

fe w(x) — NPOrvH eneMeHTa H13y OypUIbHOI KONOHW AK
obyHKUiA koopauHaTh X; E — mopynb Npy»KHOCTi MaTepia-
ny Npu po3TAry (CTUCHEHHI); [ — 0CbOBUIN MOMEHT iHepLil

rnornepeyYyHoro nepepisy; N(x)=G - J(pM -p,)gS sinadx —

NO3[0BXHA CUa, AKa fi€ B3AOBX 0Ci KONOHM y nepepisi
X; G — HaBaHTaXKeHHA Ha JOJIOTO; ® — KyTOBa WBWAKICTb
obepTaHHA fonoTa; p, Ta P, - BiANOBIAHO rycTMHN MaTe-
piany Tpy6u Ta 6ypoBOro po3unHy; g — MPUCKOPEHHA CUN
TAXKIHHA; S - Nnowa nonepeyHoro nepepisy Tpy6; o — 3e-
HITHUI KYT BUKPVBSIEHHA CBEPAJSIOBUHM.

CTaTnyHU PO3pPaxyHOK W (X) BUKOHYIOTb Npn w=0 B
(1), a AaMHamiuHWI PO3PaxyHOK W (X) — i3 HYNIbOBOIO Mpa-
BOI0 YacTuHoto (1).

lpaHnyHi ymosu:

Ha gonoTi (x=0)
w,(0) =0, w,(0) = a,, w(0) =)0, w;(0) = 0; (2)
y micusAx BctaHosneHHa OLIE (x)
w.(x)=%A;, wi(x)=0, w!(x)=0, wi(x)=0; (3)
Y TOUL|i AOTUKY HU3Y BYPUSTbHOT KONTOHM [10 CTIHKU CBEpA-
JIOBUHM (xL=L)

w(L)=A,, w(L)=0, w(L)=0, w(L)=0; wl(L)=0, wi(L)=0,(4)

ne Al, Ta AL — paaianbHi 3a3opu BignosigHo mix OLE Ta
H130M OYPUNBbHOI KOMOHW i CTIHKOI CBepANioBUHM. [pa-
HUYHi ymoBM (2)—(4) AONOBHIOIOTLCA YMOBaMU Henepeps-
HocTi npy»xHoi oci KHBK.

Ocobnusictb 3apaui (1)-(4) y Tomy, WO KoopanHaTK
TouoK AoTMKy OLIE fO CTiHKM CBEPASIOBUHN € BUNAAKOBU-
MU BENNYMHAMW B iHTepBani xl_ill./z i3 CTaTUCTUYHO He3a-
nexHummn GyHKUiAMK po3noginy VlMOBipHOCTeVIﬁ(x). Le
03Hauae€, WO pe3ynbTaTy po3B'A3Ky 3agavi (1)-(4), TobTo
CTaTUYHI | AUHaMiuHi xapakTepucTukn KHBK, 6yayTb Ta-
KO BUMAAKOBUMM BETUUYMHAMMN.

OnAa po3B’A3aHHA 3agavi (1)-(4) MoXKHa BMKOpUCTaTh
MeTOAM CTaTUCTMUYHOIO MOAENIOBAHHA, sIKi 3BOAATLCA A0
MOpAeNoBaHHA MacKBiB KoopAnHaT Touok oTuky OLIE no
CTIHKMU CBepANoBMHU, NOBGYAOBY CTaTUYHUX wc(x) i QuHa-
MiYHUX wﬂ(x) pO3B’A3KiB PiBHAHHA (1), BUSHAaUYEHHA CTa-

uncertainties in traditional statement of the problems on
evaluation of the BHA static and dynamic characteristics
for the specified drilling conditions [1-4].

This article deals with selection of the stabilized BHAs
for rotary well drilling with the account of the information
uncertainty about the CSE contact with the wellbore
wall. Itis based on the methodological principles for their
selection that were suggested in [3] and developed with
the account of the polyfunctional requirements to the
BHAs in [5-7].

Calculation of BHA characteristics

The model was used for calculation of the BHA static
and dynamic characteristics under the conditions of
information uncertainty about the CSE contact with the
wellbore wall [3, p. 119]. Differential equation of the BHA
element lateral deformation is

d’ d’w) d dw .
W(E’WJ*a(N‘%J“’ZPMSW=(9MpDM)gSsmam
where w(x) — BHA element deflection as a function of
coordinate x; £ — material elastic modulus under tension
(compression); I - axial moment of inertia of cross-

section; N (x)= G—I(pM P, )gSsincx dx - linear force

0
acting along the string axis in cross-section x; G — weight
on the bit; ® - angular velocity of bit rotation; PPy~
density pipe material and drilling mud respectively;
g — gravitational acceleration; .S - cross sectional area of
pipes; o — wellbore deviation zenith angle.
Static calculation w (x) is conducted at ®=0in (1), and
dynamic calculation w (x) - with zero right part of (1).
Limiting conditions:
on the bit (x=0)
w,(0)=0.w (0)=a, w/(0)=0,wj(0)=0; (2
in the CSE mounting places (x)
w‘_(xl_)=iAl_, wd(xl_)=0, w;'(xl_)=0, w;'(xl_)=0; (3)
in the BHA contact point with the wellbore wall (x,=L)
v (L)=4,w, (1)=0,w;(L)=0.w] (L) =0, wI(L)=0.w](L)=0,(4)

where AL, A - radial clearances between the CSE and
BHA with the wellbore wall respectively. The limiting
conditions (2)-(4) are supplemented by the continuity
conditions of bottom-hole assembly elastic axis.

The peculiar feature of the problem (1)-(4) consists in
that the coordinates of the CSE contact points with the
wellbore wall are random values in the interval of xiill./z
with the statically independent functions of distribution
of the probabilities fl.(x). This means that the solution
results of the problems (1)-(4), i. e. the BHA static and
dynamic characteristics, will also be random values.

The methods for statistical modeling that are
limited to modeling of an array of coordinates of the
CSE contact points with the wellbore wall, developing
of static ws(x) and dynamic wd(x) solutions of the
equation (1), determining of the BHA static and dynamic
characteristics, and developing of statistical evaluations
are used in order to solve the problems (1)-(4).
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TUYHUX | AUHaMiYHMX xapakTepncTnk KHBK Ta nobynosun
X CTAaTUCTUYHUX OLiHOK.

AHani3 xapakrepuctuk KHBK

Ha ocHOBi paHux OypiHHA NOXUI0-CKePOBaHOI
CB. 172-MenexiBCbKOi PO3rAAHEMO BMIMB KOOPAWHAT
Touok goTunky OLIE 3i CcTiHKOIO CBEpANOBUMHN Ha Xapak-
Tepuctnkun KHBK ana ymoBHO BepTuKanbHOI (393,7-MM
nonoTtoMm) i noxmnoi (215,9-Mm J0ONOTOM) AiNAHOK CTOB-
6ypa. CBepafioBMHa eKcnnyaTauiliHa, NPOeKTHa rnu-
6uHa 3270 m (3a ctoBO6ypom 3300 M) i3 BigXMneHHAM
Bif oci 210 M, iHTepBanu BypiHHA BepTMKanbHOI i no-
Xunoi (3a ctoBbypom) gpinAHok BignosigHo 460-1275
i 2500-2595 m.

Bukopuctosysanu KHBK:

pgonoto 393,7MU-IB; 0,5 m 203-mm naTpy6ok; KJC-
393,7; 9 m OBT-203; KJ1C-393,7; 9 m OBT-203; KJ1C-393,7;
108 m OBT-203;

ponoto 2159 US 516 U16; 3,42 m 159-Mmm naTpy60K;
KNC-215,9; 18 m OBT-159; KJIC-214; 14,58 m OBT-159;
153 m OBT-146.

B iHTepBanax OypiHHA BEPTUKaNbHOI AiNAHKMU:
[=704Mmm, G=170kH,®=70x8", pp=1 150 Kr/m3Ta noxunoi
OiNAHKN: 11;400 MM, G=130 KH, ®=90 x8', pp=1 530 Kr/m3.
MaKkcumanbHi 3HaYeHHA 3EeHITHMX KYTiB BUKPUBMEHHA
cToBOYpa ANA BEPTUKANbHOI i MOXMNOT AiNAHOK Npoby-
peHoi cBepAIOBMHM CTaHOBMAM BignoBigHo 31 17°.

Y Tabn. 1 HaBefeHO pe3ynbTaTyi PO3pPaxyHKiB CTaTWy-
HUX (MonepeyHa cuna Ha JonoTi RO, peakuii Ha OLIE Rl_,
KoopZAvHaTa L TouKn JOTUKY HU3Y OYpUSIbHOT KONIOHU 10

CTiIHKM CBEPASTIOBUHN) | AVHAMIYHNX (ag‘g /aﬂ),

Analysis of BHA characteristics

Let us consider the influence of the coordinates
of the CSE contact points with the wellbore walls on
the BHA characteristics for the conventionally vertical
(393.7 mm drill bit) and inclined (215.9 mm drill bit)
well sections on the basis of the data of drilling of
directional well Melekhivska 172. It is a production well,
design depth is 3270 m (beyond the wellbore — 3300 m)
with the deviation from the axis being equal to 210 m,
drilling intervals of the vertical and inclined (beyond
the wellbore) sections are 460-1275 and 2500-2595 m
respectively.

The following BHAs were used:

drill bit 393.7MU-I'B; 0.5 m 203 mm pipe nipple; SCE-
393.7; 9 m DCS-203; SCE-393.7; 9 m DCS-203; SCE-393.7;
108 m DCS-203;

drill bit 215.9US 516 U16; 3.42 m 159 mm pipe nipple;
SCE-215.9;18mDCS-159;SCE-214;14.58 mDCS-159;153m
DCS-146.

In the drilling intervals of the vertical section: /=
=704 mm, G=170kN, ®=70min", Pp=1150 kg/m3,as wellas
of the inclined section: [=400mm, G=130kN, ®=90 min",
Pp=1530 kg/m’. Maximum values of the wellbore
deviation zenith angles for vertical and inclined sections
of the drilled well were equal to 3 and 17° respectively.

Table 1 provides the calculation results of the static (bit
side force RO, reactions on the CSE R,-' coordinate L of the
BHA contact point with the wellbore wall) and dynamic
(a;”? a ) BHA characteristics for the contact points in the
CSE center (experiment 0), as well as of some modeled
CSE coordinates for the uniform laws of their distribution

Ta6nuus 1/ Table 1

OparmeHTX pesynbTaTiB CTaTUCTUYHOFO MOAENoBaHHA XapakTepuctnk KHBK /

Fragments of results of BHA characteristics statistical modeling

KHBK nna BeptukanbHoi ginanku / BHA for vertical section

0 225 1275 2325 -0.80 1.55 -1.84 2.86 58.0 1.7
1 216 12.58  23.55 -0.85 1.61 -1.77 2.79 58.2 22
33 190 1262  23.06 -0.99 1.73 -1.84 2.87 57.8 2.1
41 199 1278 2341 -0.94 1.67 -1.79 2.84 58.1 24
42 257 1244 2292 -0.67 1.45 -1.90 2.88 57.6 13
43 192 1277 2335 -0.98 1.72 -1.79 2.84 58.1 24
50 205 1268  23.05 -0.90 1.64 -1.85 2.88 57.8 1.8
KHBK ans noxunoi ginanku / BHA for inclined section
0 391 22.45 - -0.95 0.46 6.72 - 338 1.0
1 3.86 2246 - -1.00 461 6.73 - 338 1.0
7 372 22.50 - -1.15 476 6.73 - 339 1.0
18 398 2232 - -0.85 445 6.69 - 336 1.0
19 386 2236 - -0.97 4.56 6.71 - 33.7 1.0
50 407 2229 - -0.77 437 6.66 - 336 1.0



xapaktepuctnk KHBK gna koopguHat AOTUKY B LIEHTPI
OLE (ekcnepumeHT 0), a TaKOX AeAKUX 3MOAENIbOBAHUX
koopauHaT OLIE anAa piBHOMIpHMX 3aKOHIB iX po3noginis
(excnepumenTn 1-50). TyT dgpr Ta @, - BiANOBIAHO MaK-
CUManbHa aMnaiTyza nonepeyHX 3MileHb HU3y 6ypuib-
HOT KOJIOHW | amnniTyaa fonota. MogentoBaHHA BUKOHaHO
OnA 3eHITHUX KyTiB 1° (BepTuKanbHa AinAHka) Ta 16° (no-
Xvna finAHKa) BUKPUBEHHA CTOBOYpa CBEPASIOBMHU.
AHani3 xapaktepuctnk KHBK ana koopamnHat Touok
potuKy B ueHTpi OLIE BKa3ye Ha fOCTaTHbO BUCOKI 3Ha-
YeHHA BEIMYMH NOMepeyHOoi CUAM Ha AO0MOTi Ta HeBIQNo-
BiHICTb AUHAMIYHOMY KpUTEPItO CTINKOCTI (BepTnKanbHa
finAHKa). Pe3synbrat mofentoBaHHA KOOPAMHAT TOYOK
OOTUKY CBiAYaTb NPO IX BaroMnin BNAMB Ha CTaTUYHI, a B
oKpemux Bunagkax, i AuHamiyHi xapakrepuctnkm KHBK.
Y Tabn. 2 HaBe#EHO OUIHKM CTaTUCTUYHUX Mapame-
TpiB (MaTemaTWyuHi crogiBaHHA X, AUCNEPCii S?, Koedi-
LiEHTN KopenAuin r)y) CTaTUYHMX XapakTepuctnk KHBK.
MoTpibHO BiA3HAUMTN 3HAUYLUMI KOPenAUiiHAIA 3B'A30K,
3yMOBNEHN BMNAAKOBMMM KOOPAMHATaMM TOYOK AOTUKY
OLIE, Mi>k geakumm cTaTmyHnMmn Xapaktepuctkamy KHBK
(ITI >u,, =1,96), ae T - KpuTepin ana nepesipku CTaTnc-
TUYHOI rinoTe3n H; p=0; p — iCTUHHE 3HauyeHHA Koedili-
€HTa KopenAauii; u_, — KBaHTU/Ib U-PO3MOAINY 3 AOBIPUYOI0
nmoBipHicTio €=0,05. Yncnosi 3HaYeHHA LX eMNipUYHNX
OLiHOK KoediLiEHTIB KopenALlil NO3HaUeHO 3ipoYKkamum.

CSE(experiment1—50).Herea';zxare maximum amplitude
of the BHA lateral displacement and drill bit amplitude
respectively. Modeling was conducted for the wellbore
deviation zenith angles of 1° (vertical section) and 16°
(inclined section).

The analysis of the BHA characteristics for the contact
points coordinates in the CSE center shows quite high
values of the bit side force and non-conformity with the
dynamic stability criterion (vertical section). The results
of modeling of the contact points coordinates indicate
their significant influence onto the BHA static and, in
some cases, dynamic characteristics.

Table 2 gives evaluations of the statistical parameters
(mathematical expectation X, variance S7,and correlation
coefficients rxy) of the BHA static characteristics. It should
be noted that there is a significant correlation relationship
that is caused by the random CSE contact points
coordinates, among some BHA static characteristics
(7]=u,, =1.96), where T - testing criterion of the statistical
hypothesis H ; p=0; p - correlation coefficient actual value;
u_, — quantile of u-distribution with the confidence
probability €=0.05. Numeric values of these correlation
coefficients empirical evaluations are marked by
asteriskses.

Tabnuus 2/ Table 2

OuiHKa cTaTnuHmx xapakrepuctk KHBK / Evaluation of BHA static characteristics

Ro,kH/S2 KH / Ro,kN/S2 kN2 -0.815/0.098 -1.155/1.299
Ry, kH/ S kH [ Ry KN/ S, kN2 1.568/0.084 4.585/0.107
Ro kH/ S2,kH / Ro KN/ S2,KN? -1.831/0.035 6.715/0.020
Rs,kH/ S2,kH / Ry, kN/ SZ,KN? 2.855/0.040 -
L,m/S3m [ L,m/S2m 57.974/0.169 33.784/0.150
/T, -0.989% /-312.226 -0.101/-0.722
1on/ Ty -0.195/-1.431 -0.088 /-0.628
s/ Tos -0.183/-1339 -
r/T, 0.256/1.941 0.804* / 160.75
1is/Tis 0.071/0.504 _
15/ Ty -0.854% /-22.300 _
1 /T, 0.081/0.576 0.144/1.038
7 /T, -0.120/-0.862 0.591% / 6.415
1, /T, 0.690% / 9.306 0.633%/7.477
/Ty, 0.421%/-3.623 -
Mogenb Bn6opy KHBK

Y 3aranbHomy Bunagky Bubip KHBK 3gincHioeTbea i3
ypaxyBaHHAM NonipyHKLioHaNbHUX BUMOT, AKi Bifobpa-
XatoTb il ePeKTUBHICTb 3aneXHo Bifl TEXHIYHUX, TEXHO-
noriyHux i npupoaHux ¢aktopis [1-7]. OcKinbKm aeKinb-
Ka ¢daKTopis, WO BNAMBalOTb Ha cTabinisauio ctoBbypa

Model for BHA selection

In most cases BHA selection is conducted with
the account of the polyfunctional requirements that
reflect its efficiency depending on the technical,
technological, and natural factors [1-7]. Since some
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CBepANoBUHYM Nif Yac OypiHHA, € BUNafKOBMMU, TO OCHO-
BOIO AnA obrpyHTyBaHHA KHBK mae 6yTn ctatncTmnuHa
MOAEeNb NPUAHATTA PilleHb.

[na npoxop»keHHA BiANOBIAHUX iHTepPBasiB MOXWUIO-
CKepOBaHVX CBEPASIOBUH 3aneXHO Bif reoMeTpuyHKX
napameTpiB TPAEKTOPI Ta yMOB OypiHHA GOpMYnIOTb-
CA BUMOTU, AAKi MOXKYTb Oy T peanizoBaHi y AeAkoMy Knaci
9 KHBK. B ymoBax iHpopMaLiliHOi HeBU3HaYeHOCTi BUGIp
KHBK mae BignoBigati cuctemi obmexeHb, Wo Bigobpa-
XaloTb BMMOTU O YMOB CMOPY[XKEHHA CBEPANOBUH, i
dopmanisyetbca y BUrNAQI CTaTUCTUUHOI Mogeni npu-
WNHATTA pilleHb

R(p',a")—> min,ve 9, p" e D"

o(p") <0,

pe R(p’, a*) — pusuk v-i KHBK i3 Knacy anstepHaTtvis 9
p'=(p"1, 0", .., 0" )T — BEKTOp 3MiHHUX MapameTpis V-i
KHBK i3 obnacTio BusHaueHHa D”; a'=(a"y, a"s, ..., &)’ —
BEKTOP BiOMMX NapameTpiB; @(p’) — cuctema obmexeHb
Ha napameTtpu KHBK.

Cuctema @(p*) BU3HaYae 0OMEXEHHA Ha MapameTpu
peXrmy OypiHHS, FeEOMETPUYHI MAPaMeTpU i OPCTKICTb
enemeHTiB KHBK, iX CTaTUyHI | AnHaMiYHi XxapakTepucTu-
K. Mogenb (5) Takox BpaxoBye iHpopMaLiiHy HeBM3Ha-
YeHiCTb fleAKnX NapameTpiB (KOOPANHATU TOUYOK AOTUKY
OUE po cTiHOK CBepAnOBUHW, 3€HITHUN KyT CBEpPANOBU-
HU, MAPAMETPU PeXUMY OYPiHHS, HasIBHICTb JIOKANIbHNX
KaBepH). Knac 3 anbtepHaTuBHIX BapiaHTis KHBK Br3Ha-
YAETbCA KOHCTPYKTUBHUMY OCOBAMBOCTAMU, PO3Mipamu
Ta PO3MILLEHHAM iX efleMeHTiB.

OyHKUia pu3uky R(p’, @) BU3HA4YaEe MMOBIpHiCTb
NnopyLeHHA YMOB PO3B'A3Ky 3afaui (5) Ana ctatmyHux
i AnHamiyHux xapaktepuctuk KHBK 3a npuunHoto He-
TOYHOT iHpopMaLii mogeni NpuiHATTA piweHHs. OuiHKa
pU3KKiB Byay€eTbCA i3 BUKOPUCTAHHAM METOAIB CTaThC-
TMYHOIO MOZENIOBAHHA Ta aHani3y ofgepXaHux pesysb-
TaTiB [8].

(5)

MNpuxknagn Bu6opy KHBK

3 ponomoroto mogeni (5) Ta 3 ypaxyBaHHAM iHdOp-
MaLiNHOI HeBM3HayeHOCTi Npo KoHTakT OLE 3i cTiH-
KO CBEPANOBUHM i JefAKi iHWi BUNagKoBi dpakTopu
06rpyHTyEMO BMGip KHBK ansa 6ypiHHA BEpTUKaNbHOI i
noxmnoi #inAHoK cB. 172-MenexiBcbKoi. 1na po36ypio-
BaHHA UMX JiNAHOK MOXJMBE BUKOPUCTAHHA TPbOX-
wapowkosux gonit i gonit PDC i3 pi3HMMM yacToTamu
36yproBanbHUX CUI.

Y mogeni (5) NPUAHATO enemMeHTN HU3y OypunbHOT
KonoHu (pgiameTp i poexunHa OBT, giametp OLIE) aHa-
NOFYHMMM TUM, AKi 3aCTOCOBYBanu nig yac OypiHHA
cB. 172-Menexiscbkoi. Knac 9 Bknouae anbTepHaTUBHI
BapiaHTu KHBK, wo BMilyytoTb 4 i 6inblue NoBHOPO3MIp-
Hux OLLE. OcobnumBicTb dopmanizauii mogeni NpUnHATTA
piweHHs (5) nondAra€e y BUOOPI KiNbKOCTi Ta Micus po3-
TawyBaHHA OLIE ana 3abe3neueHHs 3afaHux QyHKLUio-
HanbHUX BUMOT. BuxigHi faHi gna subopy KHBK HaBege-
Ho B Tabn. 3.

factors that provide an influence onto the wellbore
stabilization during drilling are random, the statistical
model of decision making must be a basis for the
BHA validation.

In order to drill the corresponding directional well
intervals depending on the geometrical parameters of
trajectories and drilling conditions, the requirements
that can be accomplished in some class 9 of the BHAs are
formed. Under the conditions of information uncertainty
selection of the BHAs must comply with the system
of constraints that reflect the requirements to the
conditions of well construction and formalizes as the
statistical model of decision making

R(p',a")—> min,ve 9, p" e D"

o(p") <0,

where R(p’, @) - risk of the v-BHA from the class
of alternatives 3; p'=(p"1,p"2..,p"»" - vector of
changeable parameters of the BHA with the domain of
definition D%; a’=(a"}, a"s, ..., a’,)T — vector of the known
parameters; @(p") - system of constraints for the BHA
parameters.

System @(p*) determines the constraints for the
drilling mode parameters, geometrical parameters and
stiffness of the BHA elements, their static and dynamic
characteristics. Model (5) also takes into account the
information uncertainty of some parameters (coordinates
of the CSE contact points with the wellbore wall, well
zenith angle, drilling mode parameters, and availability
of local caverns). Class 9 of the alternative BHA variants
is determined by design peculiarities, as well as by
dimensions and location of their elements.

Risk function R(p*, a") defines the probability of
violation of the problem (5) solution conditions for
static and dynamic BHA characteristics due to the
inadequate information of the decision making model.
Evaluation of risks is conducted on the basis of the
methods for statistical modeling and analysis of the
obtained results [8].

(5)

Examples of BHA selection

Let us ground the BHA selection for drilling of
vertical and inclined sections of well Melekhivska 172
with the help of the model (5), with the account of the
information uncertainty about the CSE contact with the
wellbore wall and some other random factors. In order to
drill in some of these sections, three-cone and PDC drill
bits with different frequencies of perturbation forces can
be used.

The model (5) has the bottom-hole assembly
elements (DC diameter and length, CSE diameter) that
are similar to the ones that were used for drilling of
well Melekhivska 172. Class 9 includes alternative BHA
variants that have 4 and more full-size CSE. The peculiar
feature of formalization of the decision making model
(5) consists in selection of the CSE amount and their
location in order to ensure the specified functional
requirements. The output data for the BHA selection are
provided in Table 3.



BxigHi gaHi gna Bu6opy KHBK / Input data for BHA selection

Tabnuus 3/ Table 3

3eiTHuil kyT A, rpag / Zenith angle a, degree

[Jucnepdia S;, rpap?/ Variance S;, degree?

OcboBe HaBaHTaxeHHA G, kH / Weight on the bit G, kN

Yactota o6epranHs w, X8 / Rotation frequency w, min™

[yctiHa bypoBoro po3unHy Py kr/m’ / Drilling mud density p, , kg/m’

Hoexuna poboyoi noepxHi OLIE /, m/ Length of the CSE working surface /, m

06mexenns Ha nonepeuty cuny Ha gonori [R,], kH / Limitations of bit side force [R], kN

Y cuctemi obmexeHb @(p*) nepeabayeHo ymoBu CTa-
6inisauii HaNPAMKY CTOBOypa CBepANoOBMHU

(R)*~[R <0 (6)
i BMHAMIYHOT CTIMKOCTi HWU3Y BYPUNBHOT KONOHU

ager /a, <1, 7)

ax

npuyomy ager / a, =1 Tinbkn Ha gonoti. ObmeXXeHHA Ha
nonepeyHy cuny [R ] Ha gonoti B (6) (amB. Tabn. 3) no-
6ynoBaHO 3a pe3ynbraTaMy  CTaTUCTMYHOIO aHanisy
NPOMUCIOBUX AaHUX Mif Yyac OypiHHA CBEPAJSIOBMH Ha
Menexiscbkomy pogosui. [1na mogentoBaHHA BMAAUBY
nokanbHUX KaBepH cTtoBbypa Ha edekTuBHicTb KHBK y
3afavi (5) pogaTKoBO NPUIHATO 3abe3neyeHHA yMoB (6)
i (7) 3a BiACYTHOCTI KOHTaKTy OfHOro (Mpuyomy LOBifib-
Horo) i3 OLIE 3i cTiHKO cBepgnoBunu [5-7]. Ana GypiH-
HA BEpPTUKaNbHOI AiNAHKK nigiopaHo KHBK, wo Bkovae
4 OLE 3 kKoopauHaTamu (BigCTaHb Bif HM3y fonoTa Ao
ueHTpa OLLE) X, M: x,=3, x,=6,5, x,=11, x,=16. Y 1abn. 4
HaBe[eHO CTAaTUCTMYHI OLHKM MapaMeTpiB CTAaTUYHMX
xapaktepuctnk KHBK, aki nmobygoBaHo 3 gomnomoroto
MOAEeNOBaHHA 3a3HauYeHNX BULLE BUNaaKoBUX GaKTOpIB.
KinbKicTb cTaTMCTNUHMX ekcnepumeHTis — 100.

KopenauinHa matpuua cMMeTpUYHa BiGHOCHO ro-
NOBHOI fiaroHani: y YaCT1Hi Hag rONOBHOIO AiaroHanso
HaBefEeHO eMMipUYHi ouiHKN KoedilieHTIB Kopenauyin Ty
MiX I- Ta j-TUMU MapameTpamMm CTaTUYHMX XapaKTepUCTUK
(R, R,,..., L), a nig ronosHol AjaroHannio — kputepii Tl,j
ONnA nepesipKM BignoBigHUX CTAaTUCTUYHUX rinoTe3 HO:
p=0. AHanoriyHo (Tabn. 2) YNCNOBI 3HAUYEHHSA CTAaTUCTNY-
HO 3HauyLKX i3 AOBIPYOIO NMOBIPHICTIO €=0,05 no3Haue-
HO 3ipouKamu.

3anponoHoBaHa KHBK mae Hvxuy Bigxunatouy cuny
Ha JonoTi (RO=0,26 KH, anB. Tabn. 4), Hixk BUKoprcTaHa nig
yac OypiHHA cB. 172-MenexiBcbKoi (R0:0,81 5 KH, Tabn. 2).
AHani3 gaHux 1abn. 4 cBiguMTb NPO BaromMuin BNaMB BU-
nagkoBux ¢akTopiB Ha XapakTepuctnkm KHBK (oco-
6n1BO AmMcnepcii iX ouiHOK). Big3HauMmo CTaTUCTMYHO
3HaUYLWMI KOpenAuinHUN 3B'A30K Marxe MiX ycima na-
pameTpamuy CTaTUYHKX XapakTepuctnk KHBK (3a BnHAT-
KOM Mi>K R3 iL).

0-3 16
- 0.25
160 - 180 120 - 140
60-80 80— 100
1150 1530
0.704 0.400
0.70 0.75

The system of constraints @(p") provides the conditions
for stabilization of the wellbore direction

(R)*-[R <0 (6)
and BHA dynamic stability
ape fa, <1, )

with ag?‘ /aB = lonly. Constraints on bit side force [R ] in
(6) (see Table 3) are built in accordance with the results
of the statistical analysis of the field data during drilling
of wells at the Melekhivske field. In order to model the
influence of the wellbore local caverns onto the BHA
efficiency in the problem (5), provision of the conditions
(6) and (7) without the contact (random) of one of the
CSE with the wellbore wall [5-7] was additionally taken
into account. In order to drill vertical sections, the BHA
that includes 4 CSE with the coordinates (distance
from the drill bit bottom to the CSE center) X, m was
selected: x,=3, x,=6.5, x,=11, x,=16. Table 4 gives the
statistical evaluations of the BHA static characteristics
parameters that are built with the help of modeling of
the abovementioned random factors. The number of the
statistical experiments is equal to 100.

The correlation matrix is symmetrical to the main
diagonal: in the part above the main diagonal there are
correlation coefficients empirical evaluations Ty between
i- and j-parameters of the static characteristics (R, R,,...,
L), and below the main diagonal there are the testing
criteria 7, of the statistical hypothesis H: p=0. Like
in Table 2, the statistically significant numeric values
with the confidence probability €=0.05 are marked by
asteriskes. _

The suggested BHA has lower bit side force (R0=O.26 kN,
see Table 4) than the one used during drilling of well
Melekhivska 172 (R0:0.81 5 kN, see Table 2). The analysis
of the table 4 data shows a significantinfluence of random
factors on the BHA characteristics (especially variance of
its evaluations). Let us notice the statistically significant
correlation relationship among almost all parameters of
the BHA static characteristics (with the exception of the
relationship between R, and L).
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Tabnuusa 4 /Table 4

OuiHKa cTaTnyHux xapaktepuctuk KHBK ana 6ypiHHA BepTUKanbHOI AinAHKN /
Evaluation of BHA static characteristics for drilling of vertical section

MatematnuHe cnofiiBaHHs /

Mathematical expectation -0.260 1382 -1.652 -1.536 4211 52.343
Aucnepcis/ 0089 2328 14175 25.449 8518 269.756
Variance
Kopenauiiina matpuus / Correlation matrix
rm./ TO‘. - -0.899* 0.713* -0.516% 0.237* 0.294*
r/ T, -46.766 - -0.890% 0.699* -0.369% -0.347%
ry/ TZi 14.448 -42.775 = -0.942* 0.700* 0.234*
r3,./ T3’. -7.004 13.599 -83.827 = -0.878* -0.060
r 4‘./ T4‘. 2.493 -4.250 13.629 -38.028 - -0.299*%
ru/ Tu 3.205 -3.920 2.466 -0.598 -3.272 -

AHani3 pesynbTaTtiB CTaTUCTUYHOrO MOJAENOBAH-
HA XapakTepucTuk 3anponoHosaHoi KHBK B ymoBax
iHpopMaLinHOT HEBM3HAYEHOCTi BKa3ye Ha Te, WO 3a-
ranbHi pr3nKmM nig yac 6ypiHHA TPbOXLWAPOLWKOBUMMU
ponotamu ctaHoBnATb 0,10, y T.4. pU3NKN BUKOHAHHA
ymoBuK cTabinizauii HanpamKy ctoBbypa (6)-0,03 Ta
OMHaMivHoI cTikocTi (7)-0,08. Mig yac 6ypiHHA 3 go-
notamu PDC 3aranbHi pusnkn KHBK ctaHosnaTb 0,03,
Y T.U. pU3NKM BMKOHaHHA YMOBM cTabinisauii Hanpam-
Ky cTtoBbypa -0,03.

The analysis of the results of the statistical modeling of
the suggested BHA characteristics under the conditions of
information uncertainty shows that the general risks when
drilling with the help of the three-cone drill bits are equal
t0 0.10, including the risks of meeting the condition of the
wellbore direction stabilization (6) - 0.03, and dynamic
stability (7) - 0.08. When drilling with the help of the PDC
drill bits, general BHA risks are equal to 0.03, including the
risks of meeting the condition of the wellbore direction
stabilization - 0.03.

Ta6nuus 5/ Table 5

OuiHKa cTaTnyHux xapakrepuctnk KHBK gna 6ypiHHA noxunoi ginaHku /
Evaluation of BHA static characteristics for drilling of inclined section

MatematiuHe cnofiigaHHs /

Mathematical expectation 0.360 031 1.407 0.833 -1.457 6.760 24,897
Aucnepda 0.082 0.655 3292 6.963 8.556 3,201 1380
Kopenauiiina matpuus / Correlation matrix
/T, - 0,877 0.617* -0339% 0.146 0113 0,101
/T, 37.835 - -0.859* 0.564* 0303 0.238* 0.185
/T, 9.900 32534 - 0882 0637 0.551% -0.464*
/T, 3.807 8217 39.524 - 0891 0.847 0.769
/T, 1.489 3317 10,670 4298 - 0.946* -0.909%
/T, 1137 2511 7.877 29.758 -89.983 - 0.970%
r/T, 1,015 1911 5.884 18679 51.832 164.285 -

Ona 6ypiHHA NOXUNOT QiNAHKN CBepANOBMHN YMOBaM
3apaui (5) i3 ypaxysaHHAM BuMor Tabn. 3 Bignosigae KHBK,
wo Bktoyvae 5 OLE 3 koopamHaTtamm X, m: x,=1,2, x,=3,
x3=5, x4=9, x5=14. Y 1abn. 5 HaBeJeHOo OLiHKM CTaTUYHNX

In order to drill an inclined well section, the BHA that
consists of 5 CSE with the coordinates X, m meets the
conditions of the problem (5) with the account of the
requirements of table 3: x=12, x,=3, x;=5, x;=9, x,=14.



xapaktepuctuk KHBK 3a pesynbratamm ctaTtucTuyHoO-
ro mogentoBaHHA. 3anpornoHoBaHa KHBK mae 3HauHO
HVKYi OUIHKM NapameTpiB BiAXUAOUOT CUIN Ha JONOTI
(RO=0,36 KH, S(f =0,042 kH? gue. Tabn. 5), Hix BUKO-
puctaHa nig 4ac 6ypiHHA cB. 172-Menexiscbkoi (R =
=1,155 kH, S(f =1,299 kH? aus. Tabn. 2). MoTpibHO 3a-
3HauuTy, Wo 3anponoHosaHa KHBK xapaktepusyeTbca
HYNIbOBMMM PU3MKaMM BigNoBiAHOCTI ymoBam 3agadi (5)
nig Yac 6ypiHHA TPbOXLIAPOLWKOBMM AONOTaMU i fosO-
Tamn PDC.

Table 5 gives the evaluations of the BHA static
characteristics on the basis of the statistical modeling
results. The suggested BHA has much lower
evaluations of the parameters of the bit side force
(R;=0.36 kN, S°=0.042 kN?, see table 5) than the one
used during drilling of well Melekhivska 172 (R=1.155 kN,
S(f=1.299 kN?, see Table 2). It should be noticed that
the suggested BHA is characterized by zero risks of
the compliance with the problem (5) conditions when
drilling with the help of the three-cone and PDC drill bits.
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Puc. 1. Cratnuna (a) i guHamiuHa (b) xapaktepuctuku KHBK ans 6ypiHHA BepTuKanbHOI AinAHKN (ekcnepumeHT 40, 1,44rpag, 167,3kH, 79,77 x8™) /
Fig. 1. Static (a) and dynamic (b) BHA characteristics for drilling vertical section (experiment 40, 1.44deg, 167.3kN, 79.77 min™)

Ha pwuc. 1 i 2 3a pe3synbratamm CTaTUCTUUYHOIO Mofe-
NIIOBAHHA MOKa3aHO XapaKTePUCTUKMN 3arnpornoHOBaHMX
KHBK pgna OypiHHA TPbOXLIAPOLWKOBMM [OSIOTOM Bep-
TUKanbHoi i gonotom PDC noxmnoi ginaHok. [na septu-

Figures 1 and 2 show the characteristics of the
suggested BHAs for drilling of vertical sections with the
help of the tree-cone drill bit, as well as of the inclined
sections using the PDC drill bit, on the basis of the

-

L
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Puc. 2. CratyHa (a) | pnHamiuHa (b) xapaktepuctuku KHBK ans 6ypiHHA noxunoi ainaHkm (ekcnepumeHT 19, 16,72 rpag, 127,6kH, 88,53 x8™) /
Fig. 2. Static (a) and dynamic (b) BHA characteristics for drilling inclined section (experiment 19, 16.72 deg, 127.6kN, 88.53 min™)

KanbHOI AinAHKM XxapakTepuctnkn KHBK 3mogenboBaHi 3a
BiACYTHOCTI JIOKa/IbHUX KaBepH, a MOXWIOI AiNAHKN — 3a
HaABHOCTI NokanbHoI KaBepHM (Mepwwnii OLIE He KOHTaK-
TYE 3i CTiHKOIO cBepAnoBuHM). Po3noginu amnnityg none-
PEYHMX KONMMBAHb HN3Y OYpUSIbHOT KOJIOHU AiA iNoCTpo-
BaHux KHBK (auB. puc. 1, 6 Ta 2, 6) BignosigaoTb YMOBI
OVHaMiuHoI cTilikocTi (7). Ha puc. 3 nokasaHo rictorpamm

statistical modeling. The BHA characteristics for the
vertical section are modeled without local caverns and
for the horizontal - with local caverns (the first CSE is not
in contact with the well) Divisions of amplitudes of the
BHA lateral vibrations for theillustrated BHAs (see Figures
1b, 2b) correspond to the dynamic stability condition
(7). Figure 3 shows the histogram of frequencies of
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Bit side force R, kN
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Puc. 3. Tictorpamu YacToT po3noginy nonepeyHol CUnn Ha AOMOTi 3a pe3ynbTaTamMi CTaTUCTUYHOTO MOAENIOBaHHS AN BepTUKanbHOI (a) i noxunoi (b)
ainaHok / Fig. 3. Histogram of frequencies of distribution of the bit side force R of the results of statistical modeling for vertical (a) and inclined (b) section

uacToT po3nofiny rnonepeyHoi cunm R Ha gonotax, ki
3YMOBJIEHI BM/IMBOM PO3MNAHYTUX BUNaaKoBUX GpaKToOpIB.

distribution of the bit side force, which are caused
by the influence of the considered random factors.
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BucHoBKM

lMoKa3aHO, WO BUKOPUCTAHHA B iHXEHEPHMX pPO3-
paxyHkax KHBK mogenen OLE Ak ToukoBux onop npwu-
BOAUTb A0 iHGOPMALiNHOI HEBU3HAYEHOCTI WOAO PO3-
MiLLleHHA TOYOK 1X AOTUKY [O CTiHKM cBepAnoBuHU. Ha
OCHOBI aHanisy pesynbraTiB MOAEsOBaHHA Bii3Ha4yeHO
BaroMui BNMB KOopAnHaT TOYOK KOoHTaKTy OLIE 3i cTin-
Kamu CBepPANIOBUHM Ha CTaTUYHI i, B OKpeMunx BUMNagKax,
ANHaMiuHi xapaktepuctnku KHBK, wo 3anexntb Big
YyMOB OYpiHHA (KYT BUKPUBNIEHHA CTOBOYpa CBEpAnoBU-
HW, KiNbKicTb i po3milieHHA OLIE, iX KOHCTPYKTUBHI OCO-
61MBOCTI, NapaMeTpu pexnmy BypiHHSA).

3anponoHOBaHO CTAaTUCTMYHY MOAEeNb NPUIHATTA
piweHHA ana Bubopy KHBK i3 ypaxyBaHHAM iHpopma-
LifHOI HeBM3HayeHOCTi Npo yMoBW OypiHHA. [lowyk
ONTMMarnbHOro BapiaHTa 3[iNCHIOETbCA Y AeAKOMY Knaci
6aratoonopHux KHBK 3a fonomoroto metogy cTaTUcTuy-
HOro MOJeNoBaHHA i3 YMOBU MiHIMi3aLiT pu3KKy.

Ha npuknagi ymos OypiHHA BepTMKanbHOI Ta Mo-
Xunoi AinAaHok c¢B. 172-MenexiBcbKoi 0OrpyHTOBaHO
onTMumarnbHi BapiaHTu B Knaci KHBK, wo BknouvaoTb
BifMOBIAHO 4O YOTUPbLOX i N'ATKM NoBHOPO3MipHUX OLIE.
3anponoHoBaHi BapiaHTu KHBK 3a6e3neuyiotb dyHKLi-
OHaJIbHi BUMOTU A0 CTAaTUYHMX i AUHAMIYHUX XapaKTe-
PUCTUK 3@ HAABHOCTI IMOBIPHMX NOKaNbHUX KaBEpPH Mnig
yac 6ypiHHA TPbOXLIAPOLKOBMMM [ONOTaMM i AonoTa-
mn PDC i3 pusnkamm 0,101 0.

Cnuncok BukopucrtaHux gxxepen / References

1. Tpuryneukunn B.I. lNpoeKTnpoBaHne KOMMOHOBOK HUX-
Hell YacTn BypunbHOM KoNoHHbI / B.I. Tpuryneukui, B.T. Jly-
KbAHOB. — M.: Hegpa, 1990. - 302 c.

2. OraHoB A.C. HoBble pelueHns B NPOEKTUPOBAHNN KOMIMO-
HOBOK Hu3a 6ypunbHOl KonoHHbl / A.C. OraHos, A.C. MNo-
BanuxuH, 3.lU. BbagpeeB // CrponTenbCTBO HedTAHbIX
N ra3oBblX CKBaXWMH Ha cywe M Ha mope. — M.: OAO
«BHUWMO3HI», 1995. - N24-5.-C. 11,12, 16.

3. Mucnok M.A. bypiHHAa cBepanoBuH: [loBigHuk: Y 5 T. T.3.:
BepTukanbHeTackeposaHe 6ypiHHA/ M.A. Mucsiok, |.A.Prn6-
uny, PC. Apeminuyk. — K.: IHTepnpec JIT[, 2004. — 294 c.

4. TpeunHE.l.MNpoeKkTMpoBaHNe TEXHNYECKIXCPeaCTBANAbY-
PEHVA NCKPUBIIEHHbIX CKBaXKMH: YuebHoe nocobue/E.I.pe-
yuH, B.IN. OBUMHHMKOB. — TiomeHb: Jkcnpecc, 2011. - 254 c.

Conclusions

It is shown that utilization of the CSE models in the
BHA engineering calculations as point supports leads
to the information uncertainty concerning the location
of their contact points with the wellbore wall. On the
basis of the results analysis we noted the significant
influence of the coordinates of the CSE contact points
with the wellbore wall on the static and in some cases
dynamic BHA characteristics that depends on the drilling
conditions (wellbore deviation angle, CSE number
and location, their design peculiarities, drilling mode
parameters).

The statistical decision making model was suggested
for BHA selection with the account of the information
uncertainty about the drilling conditions. The search for
an optimal variant was carried out in some class of the
multi-supported BHAs with the help of the statistical
modeling method based on the risk minimization
condition.

Optimal variants in the class of the BHAs that include 4
and 5 full-size CSE were grounded on the example of the
drilling conditions of the vertical and inclined sections of
well Melekhivska 172. The suggested BHA variants meet
the functional requirements to the static and dynamic
characteristics when there possible local caverns when
drilling with the help of the three-cone and PDC drill bits
with the risks of 0.10 and 0.

5. Mbicmok M.A. O 3agave Bbl6opa KOMMOHOBOK HK3a 6y-
punbHOM KonoHHbl / M.A. Mbicnitok // HTK. CtponTtenbcTBo
HedTAHbIX 1 ra3oBbIX CKBaXKUH Ha Cylle 1 Ha mope. — M.:
OAO «BHUMNO3HT», 2008. - N2 2. - C. 12-15.

6. Mbicniok M.A. OueHKa prcKa NPUHATAA peLleHnii B bype-
Hun / M.A. Mbicniok // CTponTenbCTBO HebTAHbBIX 1 ra30BbIX
CKBaXWH Ha cywe n Ha mope. — M.: OAO «BHUNO3HT,
2012.-N21.-C.18-23.

7. Mucnok M.A. MprHUMNY BUOOPY KOMMOHOBOK HU3y 6y-
PUNBbHOI KONMOHW ANA BGYypiHHA MOXUNUX AiNAHOK CBepp-
nosuH / M.A. Mucniok, PM. lonuk // Hadtoraszosa ranysb
YkpaiHu. - 2014. - N2 5. - C. 7-15.

CnoxxueaHHs 2a3y e YKpaiHiy 2015 p.

C NoXueaHHsA 2asy e YkpaiHiy 2015 p. (6e3 0aHux no AP Kpum) cmaHosusio 33,7 Mapd mM? , mobmo 3meHwunoca
npomu aHano2iyHUX NoKasHuKig 3a 2014 p. Ha 8,7 Mapo m>.

3a mamepianamu http://mpe.kmu.gov.ua/minugol/control/

uk/publish/article?art_id=245086132&cat_id=35081




