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Well Sections
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Pozenanymo moodens ubopy 6a2amoonoprux KOMnOHo80K Hu3y oypuneroi koronu (KHBK) ons OypinHsa noxunux oiianok
€6epONI0BUH, HABEOEHO NPUHYUNU NOOYO08U OYIHOK PUSUKY 8 YMOBAX IHPOpMayitinoi HegusHauenocmi. 3 ypaxyeaHHam
Pe3VIbmamie aHanizy NPOMUCIO8UX OaHux oorpynmosano onmumanvii KHBK 0ns 6ypinnsa noxuiux OiNsAHOK c8epOnosuUt
Ha S61yHI8CbKOMY 2A30KOHOEHCAMHOMY POOO8UWi. JJaHo NOPI6HAHHA CMAMUYHUX | OUHAMIYHUX XAPAKMEPUCTIUK 3ANPO-
nonosanux i sukopucmosysanux KHBK.

Ku1ro4oBi ciioBa: 6araToonopHa KOMIIOHOBKA HU3Y Oy pHIBHOI KOJIOHH, AMHAMIYHI XapaKTePUCTHKH, iHpOopMaiiHa
HEBU3HAUYCHICTb, KPUTEPIi BUOOPY, MOXUJIA CBEPJIOBUHA, CUCTEMA OOMEXKEHb, CTATMYHI XapaKTEPUCTUKHU.

Paccmompena mooens 6b160pa MHO200NOPHBIX KOMNOHOBOK Hu3a Oypuavholl koronnvl (KHBK) 015 Oypenus nakionnwix
VUACMKOB CKBAJICUH, NPUBEOCHbI NPUHYUNBL NOCPOEHUS. OYEHOK e€ PUCKA 8 YCIOBUAX UHPDOPMAYUOHHOU HEONPeOeNeHHO-
cmu. C ucnonv306anuem pe3yibmamos aHaiu3d npomMblci06blx 0aHnbIX 06ocHosanvt onmumanvhvie KHBEK ons 6ypenus
HAKIAOHHBIX YUACMKO8 CKEAMNCUH Ha HOIYHOBCKOM 2a30KOHOEHCAMHOM MeCmOopodcOeHuu. Jlano cpagnenue cmamuieckux
U OUHAMUYECKUX XAPaKmepucmux npeonodicennvix u npumensemvix KHBK.

KiiroueBblie cJ10Ba: AMHAMUYECKHE XapaKTEPUCTUKU, HH(POPMAI[MOHHAST HEONPEICICHHOCTh, KPUTEPU BBIOODA,
MHOT'OOIIOpHAsT KOMIIOHOBKA HU3a OYpHJIBHOW KOJIOHHBI, HAKJIOHHAs CKBa)KHHA, CHCTEMa OrpaHMYCHUIl, CTATHYECKHE
XapaKTePHCTHUKH.

A choice model for multi-supported bottom-hole assemblies (BHA) for drilling inclined well sections was considered, the
principles of risk assessment building in the conditions of information uncertainty were described. The optimal BHAs for
drilling inclined well sections on the Yablunivske gas condensate field were grounded by using the results of the field data

analysis. The comparison of the static and dynamic characteristics of the developed and used BHAs was given.
Key words: choice criterion, directional well, dynamic characteristics, information uncertainty, multi-supported

BHA, static characteristics, system limits.

EdexTHBHICTh CyYacHHX TEXHOJIOTIi OypiHHS HaTOBUX 1 ra-
30BHX CBEPJIOBUH 3HAYHOIO MIPOIO 3aJICKHUTh BiJl THITY 1 Mapame-
TpiB KOMIIOHOBOK HU3Y OypwmuibHOI Kosionn (KHBK), mo BrmBae
Ha SIKICTb CTOBOypa CBEp/UIOBHHH Ta TEXHIKO-EKOHOMIYHI MOKa3-
HUKHU POOOTH JIONIT, BU3HAYAE aKTyaIbHICTH 3a1a4i BOopy KHBK
1 BceOigHy yBary 1o Hel ZochiqHuKiB [1-6].

Ha cboromHi BHKOPHCTOBYIOTH pi3HI MIAXOMH 1O BHOOPY
KHBK [1-6], sixi BU3Haual0ThCsl OCOOIMBOCTSIMU MPUUHSTOI MO-
JIeJTi, IPU3HAYCHHSIM 1 TPAEKTOPIEI0 CBEPIOBHHY, TIPHUYOT€0JIO-
TYHUMHU yMOBaMH OypiHHs Ta iHmuMu (axropamu. Budip KHBK
3BOIMTHCS JI0 OOTPYHTYBAHHS i THITY, iaMeTpa i JOBXKHH CEKIliit
obBaxkaeHnx OypunpHUX TpyO (OBT), KiNbKOCTI OMOPHO-TICHTPY-
BapHUX ejgeMeHTiB (OLIE), ix miaMeTpiB 1 MiCIis pO3TaIlyBaHHS
towo. [Tomyk epexruBarx KHBK notpebye anamizy crarmaamx
1 (a00) MMHAMIYHUX PO3B’I3KIB CHCTEM JIH(epeHiaIbHUX PIBHSIHb
PIBHOBAry Mpy»HOI 0Ci HU3y OyPHIIBHOI KOJIOHH ISl TIIIOCKOT a00
MPOCTOPOBOI PO3PAXyHKOBUX CXEM.

B imxkeHepHiil npakTHIli 1 OypiHHS AUTSHOK cTalimizamii
KPUBU3HYU IIOXUJIO-CKEPOBAHUX CBEPIUIOBUH IEPEBAXKHO 3aCTO-

The effectiveness of modern technologies for drilling oil and
gas wells is largely dependent on the type and characteristics of the
bottom-hole assemblies (BHA), that affects the wellbore quality
and technical-and-economic performance of bits, determines the
relevance of the problem of choosing the BHA and comprehensive
attention of researchers to it [1-6].

Currently, different approaches to the BHA choosing are used
[1-6]; they are determined by the peculiarities of the adopted model,
well purpose and trajectory, geological drilling conditions and other
factors. The BHA choosing is reduced to grounding of its type, di-
ameter and length of drill collars (DC) sections, number of support-
ing and centering elements (SCE), their diameters, locations, etc.
The search for effective BHA requires the analysis of static and (or)
dynamic solutions of the differential equation system of the elastic
axis balance of the bottom-hole assembly for two-dimensional or
three-dimensional design models.

The BHASs with a few (1-3) SCE are mainly used in engineer-
ing practices to drill the sections for curvature stabilization of the
directional wells [1—4, 6, 7]. The SCE location is proven for static
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Tabnuys 1/ Table 1
OUiHKM CTaTUCTUYHUX NapameTpis KHBK

Tabnuys 2/ Table 2

BxigHi paHi gna snbopy KHBK/ Input Data for BHA Choice

AnA 6ypiHHA HAXMNEHUX AINAHOK CBePANOBUH/ JliameTp [onoTa, Mm/
Assessment of the BHA Statistical Parameters for Drilling the Benununna/ Value Bit diameter, mm
Inclined Well Sections 295.3 215.9
CratcTani napametpu/ | [liametp gonora, mw /Bit diameter, mm 36H1£H”!1}'1<yT a?gle gr rpaa/ 10 15 20 14
Statistical parameters 295.3 215.9 il enl OTS':]rg( €% - eg. 7/
— lameTp 30BHILWHIN
a, deg 10.338 15.542 BHYTPiLWHIN), mv/ DC diameter 203/80 165/57.2
$2 (deg) 0.443 0.667 (outer/inner), mm
dy/ds, deg/10m 1.234 1.143 DosxuHa OBT, m/ DC length, m 120 180
S, (deg/10m)? 0.289 0.531 OcboBe HaBaHTaXeHHA G, KH/
L Axial load G, kN 200 200 190 180
Ry kN 0.670 -0.369
- YactoTa obepTaHHA ® 06/xB/ 70 90 80 70
iy KN 0.001 0.005 Rotation speed per minute o, rev/min
R, kN 2314 4.531 lycTuHa 6ypoBOro po3umHy, Kr/m? 1140 1310
S%,, kN2 0.093 0.203 Drilling mud density, kg/m?
R, kN 8.829 7.109 O6mexeHHaA/ Restrictions:
52, kN2 0.249 0.254 [a], rpap/ [al, deg 12 17 22 -
r/T 0.117/0.530 0.442/2.693 [dy/ds], rpan /10m/ [dy/ds], deg/10m - 0.6
Tl T 0.997 / 96.292 -0.684 /-6.290 [Rol, KH/ [Ry], kN 0.74 0.29
B - IHpopMaLia Ana mofentoBaHHA HETOYHMX BENNUYNH/
an/ T 0.973/-83.076 0.690/6.458 Information for inaccurate values modeling:
rord T -0.970/-72.198 0.691/6.472 o, rpan/ o,, deg 1 1
I/ T 0.035/0.155 -0.761/-8.877 [ 190-210 190-210 180 - 200[170 — 190
ra/T -0.049/-0.221 0.742/8.106 Win=Wyae MiN’ 60-80 80-100 70-90 | 60— 80
re/T -0.050/-0.225 0.738/7.956
T/ T -0.997/-789.316 -0.993/-344.140 models according to the criteria of the lateral force on the bit, bit axis
T/ T -0.995 /-413.006 -0.991/-278.952 inclination angle to the borehole axis, angle of the instantaneous bit
Trn/ T 0.997/672.746 0.999/7694.352 movement etc. It is obvious that the multi-functionality of the re-

coBytoth KHBK i3 HezHauHoto kinmbkictio (1-3) OLIE [1-4, 6, 7].
Posramrysannst OLIE oOrpyHTOBYIOTH [UIsl CTATHYHUX Mojieseil 3a
KPUTEPISMH TTOTIEPEYHOI CHIIH Ha JOJIOTI, KyTa HaXIIy Oci JoJI0Ta
JI0 OCi CBEpIIOBIHH, KyTa MUTTEBOTO MIEPEMIILICHHS J0JI0TA Ta iH.
OueBniHO, 110 ToMipyHKIIOHAIEHICTE BUMor 10 KHBK motpebye
X TIOBHIIIIOTO OIIiHIOBAHHSI.

Y 1poMy IJ1aHi 3aCIyroBye Ha yBary ouinka criiikocti KHBK,
3aCHOBaHa Ha BUBYCHHI BIUTMBY Pi3HHUX (DaKTOPIB (F€OMETPUYHHIX
mapaMeTpiB KPUBHU3HHU CBEPIJIOBHHH, JiaMETpPiB CBEPIJIOBHHU 1
OLIE To110) Ha BeTMYHMHY MOTEPEYHOi CHITH Ha JoJoTi [3]. 3ampo-
TIOHOBAHO MOKA3HWKH HAIHOCTI cTalii3amii 3eHITHOro KyTa BU-
KpHBICHHsI cBepaioBuHH 1 criiikocti KHBK, 3 nomomororo skux
BPaXOBYIOThCS peajibHI YMOBH pO3paxyHKoBoi Mozerti [3, 6].

V [4, 5] naBeneHo metonuky Buoopy KHBK, sika rpyHTYeTHCS
Ha aHaMi3i 11 CTATHYHUX 1 AMHAMIYHUX XapaKTepUCTUK. MeTomika
normyckae BuoOip 6aratoonopanx KHBK, BpaxoBye BIUTHB 3amex-
HUX BiJ] TIPHUYOTE€OJOTTYHUX 1 TEXHIYHUX YMOB OYypiHHS TOJIi-
(dyHKIIOHANIBHUX BUMOT [8, 9], 1110 0COOIMBO aKTyaJbHO IIiJ| 4ac
peasnizanii IPOeKTIB CIOPYIXKEHHS! TIOXUIIO-CKEPOBAHUX CBEP/LIIO-
BUH. Hrokue po3riisiHyTo 0coOmuBocTi 11 3acTocyBaHHs Ai1st Oy piH-
HSI TIOXMJINX JIJISTHOK CBEP/IJIOBHH.

Moneas Bu6opy KHBK

PisHomaHiTHICT, KOHKYpeHTHUX BapianTiB KHBK s Oy-
PIHHSI BiJITOBITHUX 1HTEPBaJIIB MOXMJIO-CKEPOBAHOI CBEP/JIOBUHU
y 33J]aHUX YMOBaxX 3yMOBJIEHa T€OMETPUYHHMH IapameTpamu
TpaekTopii, miamerpamu i nopxuHamu cekiii ObT, kimpkicTio 1
MicrieM postarryBaaHs OLE Tommo. Tomy Bubip KHBK mae Biaro-
BiZaTH KPUTEPiSM ONTUMATIBHOCTI Ta CHCTEMi OOMEKEHB, IO BiJ0-
Opa’karoTh BUMOTH JI0 YMOB CIIOPY/KEHHSI CBEPAJIOBUHIU.

quirements for the BHA requires their full evaluation.

In this respect, the BHA stability assessment, which is based
on the study of influence of various factors (geometric parameters
of well curvature, well diameter, SCE, etc.) on the magnitude of the
lateral force on the bit is worth mentioning [3]. Reliability indices for
zenith angle stabilization of the well curvature and BHA stability
were suggested in order to take into consideration the real conditions
of the design model [3, 6].

The technique for BHA choice, which is based on the analysis
of its static and dynamic characteristics, is provided in [4, 5]. The
technique allows the choice of multi-supported BHAs, considers the
effect of the multi-functional technical requirements [8, 9] that are
dependent on mining, geological and technical drilling conditions,
that are especially important for the implementation of projects for
directional wells construction. The peculiarities of its application for
directional wells drilling are described below.

BHA Choice Model

A variety of the BHA competitive variants for drilling the ap-
propriate intervals of the directional wells under the specified condi-
tions is due to the geometric parameters of the trajectory, diameters
and lengths of the DC sections, number and location of the SCE,
etc. Therefore, the choice of the BHA must meet the criteria of op-
timality and system limits that reflect the requirements for the well
construction conditions.

To choose the BHA a decision-making model in the form of the
optimization problem is used [§—10]

{K,(x”,a")—)min, ved,leL, xeD", (1)

9 (x")=<0,
where K/(x", @") is a local optimality criterion from the certain L
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Js Bubopy KHBK BuKOpHCTaEMO MOzIeNb MPUHHSTTS pillleHb
y BUMIIAI 3a1a4i ontuMizarii [8—10]
{K, (x",a")>min, ved,/eL, x'eD",

¢ (x")<0,
ne K/(x", @) — nokalpHUI KpUTEpili ONTHMAJIBHOCTI i3 JESIKOro
knacy L kputepiis; x* = (x}, X3, ..., )T — BeKTOp 3MiHHUX Y KJaci
anbrepHatus 9 i3 oOnactio BusHauenns D, @' = (4, a5, ..., a)" —
BEKTOp MapaMeTpiB; @(x") — cucTeMa 0OMEKEHb.

OcobnuBicTs Mozeni (1) monsrae y momepeaHboMy BHOOpI
3 jesikoro knacy L mokanbHoro xpurepito K, sikuit st 3amanux
YMOB HaMKpaliow Mipol BiJIOBia€ III00AIBHOMY KPUTEpIO
ONTHMAJIBHOCTI Ta 3/1IHICHIOETHCS 3a JIOTIOMOT OF0 METO/IIB EKCIIepT-
HOTO omiHoBaHHA. Taki 3a1a4i BAHHKAIOTh Y BUIIAJIKY BiICYTHOCTI
aJJeKBaTHUX MAaTEMaTHYHUX MOZENEH M1 TII00aIbHOrO KPUTEPito
a0 CKJIQ/THOI iEpapXiTHOI CTPYKTYPH OCTAHHBOT'O 1 4acTO 3yCTi-
YalOThCS Y MPAKTHUI CIIOPY/KEHHS HAQTOBHUX 1 Ta30BUX CBEPIIO-
BHH.

Kiac L Bkitogae kpuTepii onTHMaIbHOCTI, SIKi BiTOOpakaloTh
crarnyHi 1 quHamigHI Xapaktepuctukun KHBK abo ix BB Ha
TEOMETPHUYHI MTapaMeTpu CToBOypa cBepanoBuHu. Moxens (1) mo-
MTyCKae TaKOXK OaraToKpuTepialbHy ONnTUMi3amio. OyHKIIOHAb-
Ha 3anexHicTh K(x", ") BU3Ha4ae BIUIMB KEPOBAHMX MapameTpiB
QJIBTEPHATHB Ha KPUTEPIH ONTHMAIILHOCTI Ta Oy1y€ThCSI JJIsI I1J10C-
Koi 200 MPOCTOPOBOI PO3PAXyHKOBOI CXEM.

Cucrema @(x") y (1) Bu3Hauae mepeBaxHO OOMEKEHHS Ha T€0-
METPHUYHI TTapaMeTpH 1 JKOop-
ctkicts enementiB  KHBK,
rapamMeTpy peKUMy OypiHHS
Towo. B okpemux Bumasakax
KpuTepii onTHMaJIBHOCTI (32

M

KyTom 10° gonotom 295,3 mm/

Pesynbratn Bub6opy KHBK ana 6ypiHHA AiNAHOK CBEpANOBUH i3 3eHITHUM

Results of the BHA Choice for Drilling the Well Sections with the
Zenith Angle of 10° with 295.3 mm Bit

BYPIHHA CBEPAJIOBUH

class criteria; x* = (x}, x5, ..., x/)T — vector of variables in the class of
alternatives 9 with the definition domain D”; @ = (@}, @}, ..., a))" —
vector of parameters; @(x") — system limits.

The model (1) peculiarities consists in the pre-selection of lo-
cal criteria K, from the certain class of L local criterion, that, at the
given conditions, most of all corresponds to the global optimality
criterion and is carried out by means of expert evaluation methods.
Such problems arise in case of absence of the adequate mathemati-
cal models for the global criterion or complex hierarchical structure
of the latter and are often found in the practice of oil and gas wells
construction.

The L class includes optimality criteria that reflect static and
dynamic characteristics of the BHA or their influence on the geo-
metric parameters of the borehole. Model (1) allows multicriteria op-
timization. Functional dependence K,(x", a*) determines the effect of
the controlled alternative parameters on the optimality criterion and
is formed for two-dimensional or three-dimensional design model.

The ¢@(x") system (1) mainly defines the restrictions on geomet-
rical parameters and roughness of the BHA elements, drilling pa-
rameters etc. In certain cases, the optimality criteria (except for the
most relevant) can be represented in the system limits that simplifies
the task of multi-criteria optimization and reduces it to one-criterion
optimization. Class 3 of alternatives is determined by the BHA type
(design features and dimensions of DC, the number of SCE, etc.).

The formalization of the decision-making problem with a flex-
ible choice of the optimality criterion in the form of (1) is the most

logical from the standpoint of

Tabnuys 3/ Table 3 the decision-maker, it also al-

lows the choice of the optimal
solution in the case of its exis-
tence, requires the usage of in-

BHHITKOM HaWOUTBII 3HAYY-
II0T0) MOXKYTH OyTH TOnMaHi

teractive decision support sys-

y cHCTeMi OOMEXeHb, IO 1 [

CIpOIILYE 3a/auy OaraToKpu-

TepiajbHOi onTHMI3alii Ta

3BOIMTH 11 IO OTHOKPHTEPI-
anpHoi. Kitac 9 anmsrepHaTnB
BusHavyaeTbess TunoM KHBK
(KOHCTPYKTUBHUMH OCOOIH-
BocTsimMu 1 po3mipamu OBT,
kubkicTio OLIE Torio).

®dopmarmizamis  3amadi
TMPARHATTS PillIeHb i3 THYY-
KAM BHOOpOM  KPHTEPil0
ONTHMAJBHOCTI Yy BHTJISAII
(1) € HaWOLIBII JIOTIYHOIO
3 mo3uLill ocodH, sKa MpHu-
HMae pimeHHs, JIOMYCKae
BUOIp ONTHMAIBHOTO PillleH-
HS Y BUITQAKY HOTO iCHYBaH-
H#, TOTpeOye BUKOPUCTAHHSA
IHTCPAKTHUBHUAX CHUCTEM ITiJl-
TPUMKH TPUHHATTS PIIICHb
a00 exkcriepTHUX cucteM [10].

Ouinka pusukis

3 IpUYUH HETOYHOI BH-
XigHOi iH(oOpMalii mpo Bu-

Yncnosi 3HaueHHA ana BapiaHTie KHBK/ t t svst 10
MNapameTp/ Parameter Numeric values for the BHA variants ems OF expert systems [10].
[ 3 | 4 [ s Risk Assessment
BxigHi faHi/ Input data Due to inaccurate source
[lliameTp OLIE (Mm) /BincTaHb Big gonota 1o OLLE (M): / information, the usage of
Diameter of the SCE (mm) / distance from the bit to SCE (m): model (1) for decision mak-
nepuwwit/ first 295.3/3.5 - 295.3/3.5|295.3/3.5(295.3/3.5 ing is associated with certain
apyruin/ second 2953/6 | 2953/6 - 2953/6 | 2953/6 risks that can be connected
TpeTii/ third 295.3/10| 295.3/10 |295.3/10 - 295.3/10 with non-compliance of the
LIeTBepTI/II/I/ fourth 295.3/14 2?5.3/ 14 29.5..?)/ 14 {295.3/14 - optlrnallty principle and
PospaxyHKkoBi xapakTepucTuku/ Design characteristics failure of the system limits.
MonepeyHa cuna Ha H
nonori, kH/ Lateral | 0.61 0.50 033 | -009 | -o13 | Risk assessment of problem
force on the bit, kN solving (1) 1s.cc')nstructed .by
Peakujia Ha OLIE, kH:/ Reaction on SCE, kN: means of statistical modeling
nepwuii/ first -0.40 - 3.75 5.99 6.34 and obtained data analysis [9].
apyruii/second 495 4.60 - 7.31 -13.80 Let's assume that model
Tperiit/third -11.02 -10.91 -8.60 - 15.93 parameters (1) are accu-
yetgepTuii/fourth 1545 15.43 14.77 10.82 - rately known and inaccu-
BincTaHb Bin JJ.OHSTB@I_ rately known statistically
[10 TOUKM AOTUKY . e
3i CTIHKOIO CBEPANIOBM- independent and statisti
Hu, M/ Distance from | 30.6 306 306 30.0 26.6 cally dependent values. In-
thoeirﬁ'totfot;zesé%”vt?tcﬁ accurately known statisti-
the wellbore wall, m cally indepgndent values are
BigHOWEHHs amnniTya modeled with the help of the
NonepeyHnx Konu- density of probability dis-
BaHb dogr/ ay/ Relation| <1 =1 =1 =1 =1 tribution law and its param-
of the lateral vibration . .
amp“tude aDC/aB eters. In pl‘aCtlce, unlfOI‘m
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xopuctanus Mmozxeni (1) mpuitHATTS
PIIICHHS 3yMOBJICHE MEBHUMH PHU3HU-
KaMH, SKi MOXyTb OyTH TIOB’SI3aHi 3
HEBITOBITHICTIO TPUHIIAITY OMNTH-

MAJILHOCTI 1 HEBUKOHAHHSIM CUCTEMU Mapamerp/Parameter Yuncnosi 3HayeHHs ana BapiaHTiB KHBK/ Numeric values for BHA variants
obMmexenb. OIliHKa PU3HUKIB PO3B’SI3KY 1 2 ‘ 3 ‘ 4 ‘ 5 6 ‘ 7
3amaui (1) OymyeThcs 3a JOMOMOTOO Bxiani pani/ Input data
MCTOMIB CT&}THCTH({HOFO MOZCIIIOBaH- [Liametp OLIE (Mm) / BincTaHb Big gonota go OLIE (m):/ Diameter of SCE (mm) / distance from the bit to SCE (m):
HA Ta aHal3y OACPKAHMX PE3ylbIa- nepwmn/ first 295.3/1.2 - 295.3/1.2] 295.3/1.2 [ 295.3/1.2 | 295.3/1.2 | 295.3/1.2
TiB [9]. ppyrvi/ second  [295.3/2.8] 295.3/2.8 - 295.3/2.8 | 295.3/2.8 | 295.3/2.8 | 295.3/2.8
Hexaii mnapamerpu mogeni (1) Tperiit/ third 295.3/4.5| 295.3/4.5 [295.3 /4.5 - 295.3/4.5 | 295.3/4.5 | 2953 /4.5
[OJaHi TOYHO BimomMmMu, a Takox | dereeptwit/fourth [2953/8 | 2953/8 [ 2953/8 [ 2953/8 - 2953/8 | 2953/8
. > n'atuin/ fifth 295.3/12| 295.3/12 [295.3/12| 295.3/12 | 295.3/12 - 295.3/12
HETOIHO BIAOMHUMH CTATUCTHHO HE- woctuit/ sixth 295.3/16] 295.3/16 | 295.3/16 | 295.3/16 | 295.3/16 | 295.3/16 -
SANCKHAMH 1 CTATUCTHMHO 3AJICK" | pozpaxyHkosi xapakTepucTtuki/ Design characteristics
HMMH BennurHamu. Hetodno Bigomi Monepedra cuna Ha
CTATUCTUYHO He3aJIe)KH1 BEIUYUHU t[_J,OJ'lOTi, KtT}/ Lba_E[erka;\ll 0.24 0.48 -0.25 0.16 -0.14 -0.05 -0.07
: : orce on e DIt,
Mo’HeHK.)}OTLgH S?KOHOM o HHHBH‘,OCTI Peakuii Ha OLIE, kH:/ Reaction on SCE, kN:
PO3MOALTY  MMOBIDHOCTEH Ta MOro nepwumit/ first 0.46 - 1.82 0.81 2.14 1.74 1.82
napameTpamu. Ha npaxtuii Haiiuac- apyruin/ second 1.50 1.89 - 0.85 -4.17 -2.82 -3.08
TilIe BUKOPHCTOBYIOTh piBHOMipHIzII?'I 1 TpeTin/ third -0.56 -0.68 0.24 - 7.34 7.62 8.12
& : I yetBepTuin /fourth 6.02 6.03 5.87 5.85 - -6.16 -13.82
HOPMaJIGHUH 3aKOHU PO3IIOALITY HMO
OPMAJIBHIH 3aKOHH POSIOALTY mATwi/ fifth J261 | 1261 | 1257 | 12.56 912 . 19.55
BIDHOCTEH, 4Kl XapaKTepHU3ylOThCA WoCTWiA/ sixth 19.33 19.33 19.32 19.32 18.37 13.83 -
HaANOIBIIOI EHTPOMIEI0 cepes] yeiX BincTaHb Bif gonoTa
IHIIKX 3aKOHIB, SIKIIO OL[IHKA HETOY- [0 TOUKM foTUKY OBT
HO BiJIOMOT BETMYMHU 3aJa€ThCs Bif-  |3i CTIHKOIO cBepanosu-
0 .IIO OL BE 3a/1a€ThC A Hu, M/ Distance from 31.1 31.1 311 311 31 30.5 271
TIOBITHO TBOMA TPAaHUYHIMH 3HAYCH- the bit to the contact
HSAME 200 CepeHiM 3HAUCHHSM 1 Horo point of the SCE with
noxubko. CrarucThuHo 3anekni | thewellbore wall, m
BEIMYMHNA MOJENIOIOTLCS  Oarato- | BigHoweHHs amnnityn
: . nonepeyvyHmMx KoameaHb
BUMIPHUM HOpPMAJIbHUM POSHOAUIOM | % 4 /Relation of <1 <1 <1 <1 <1 <1 <1
MMOBIPHOCTEH 13 BEKTOPOM CEPEAHIX the lateral vibration
3HAYEHb | MATPHUIICIO KOBapiartiif. amplitude apc/ a,

Tabnuus 4/ Table 4

Pesynbtati BU6opy KHBEK Ana 6ypiHHA AiNAHOK CBEPANOBUH i3 3€HITHUM KyToMm 15° fonotom 295,3 mm /
Results of the BHA Choice for Drilling the Well Sections with the Zenith Angle

of 15° with 295.3 mm

Bit

CraTuCTHYHE MOJICTIOBAHHS 3a-

Jadi MpUAHATTS piteHHs (1) 3BOAUTHCS 10 MOIETIOBaHHS HETOYHO
BIJIOMHUX TTapaMeTpiB, MOOy10BU BUOIPOK JUIsi KPUTEPIIO ONITUMAITb-
HOCTI Ta JISSIKMX OOMEXeHb ((x”), 3JIeXXHUX BiJI HETOUHO BiJIOMHUX
napameTpiB. Ha ocHOBI mmx BHOIpOK OyayIOTh OLIHKH PH3HKIB
po3B’s3ky 3amadi (1). Taka mpomemypa Moxke OyTH peasti3oBaHOIO
SIK JI0ZIaTKOBUI MOJYJIb CHCTEMHU MIATPUMKH TIPUIHATTS pillleHb
ab0 eKCrepTHOI CHCTeMH 1 Jomyckae yTouHeHHs moxeni (1), sike
TIOJISITAE Y TIOMIYKY CTIMKMX 1O BIUIMBY BHIMAJIKOBHUX (DaKTOpIB
po3B’si3kiB [9].

Ananiz KHBK a5 noxuaux 1ijisiHOK cBepIJIOBUH

Peaizarist moneni (1) mpuiHATTS pimieHHs moTpedye iHbOp-
Malii Mo BIUTHB PEKUMHO-TEXHOJIOTIYHHX ITapaMeTpiB Ha BUKPHB-
JIEHHST CTOBOYpa CBEPJIOBHHY Y BiMOBITHUX yMOBaxX OypiHHS. 3a
MIPOMHUCJIOBUMH JIAHUMH 1 PE3yJIbTaTaMH OLIHOK XapaKTEPHCTUK
KHBK moxHa o0y ryBartH ix CTaTUCTHYHI MOJIEII, SIKi IAF0Th MOXK-
JIMBICTH OOIPYHTYBATH cHCTEMY ((x") nesknx oomexeHs y (1).

V [7] 3a 1OMOMOTr0I0 TIIOCKOI PO3PAaXyHKOBOI CXEMH IIpoaHa-
J30BaHO CTATWYHI 1 TUHAMIYHI XapaKTEPUCTUKH HEOPIEHTOBAHUX
KHBK 3a npomucioBuMu TaHUMHU OypiHHS CBEpAJIOBHH Ha S10my-
HiBcbkomy ['KP 20062012 pp. V Tabn. 1 HaBeneHo AeTaibHilLy
iH(hOpMallilo PO eMITIpHYHI OLIHKM OCHOBHHMX CTaTHCTUYHHX I1a-
paMeTpiB (MaTeMaTHYHe CHOMiBaHHs X, aucnepeii S 2, koedinien-
TH Kopensii 7,,) KHBK a1 3enitHOro xyTa o, Ta iHTEHCHBHOCTI
dy/ds BukpuBIEHHS cTOBOYpa CBEpIIOBHHH, MoTepedHoi cumu R,
Ha J1070Ti, peakiid R=1, 2,... na OLIE mix gac OypiHHS TOXUIUX

and normal probability distribution law is most commonly used;
it is characterized by the highest entropy among all other laws, if
the estimation of an inaccurately known value is set by two limit
values or an average value and its measure of inaccuracy. Statis-
tically dependent values are modeled by the multivariate normal
probability distribution with mean vector and covariance matrix.

Statistical modeling of the decision-making problem (1) is re-
duced to modeling of inaccurately known parameters, sample de-
sign for the optimality criterion and some restrictions ¢(x") that de-
pend on the inaccurately known parameters. On the basis of these
samples the risk assessment for problem solving (1) is constructed.
This procedure can be implemented as an additional module of deci-
sion support system or expert system and allows the model refine-
ment (1) that is contained in the search of decisions which are ran-
dom factors resistant [9].

BHA Analysis for Drilling Directional Wells

Implementation of the decision-making model (1) requires the
information about the impact of the technological parameters on a
borehole deviation in the appropriate drilling conditions. According
to field data and evaluations results of the BHA features their statis-
tical models can be build, which make it possible to prove a system
of certain constraints in (1).

The static and dynamic characteristics of the non-steerable
BHA were analyzed in [7] with the help of the two-dimensional de-
sign model in accordance with the field drilling data in Yablunivske
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Tabnuysa 5/ Table 5

Pe3ynbrati B60py KHBK fnsa 6ypiHHA OinAHOK CBEPANOBYH i3 3eHITHUM KyToM 20° onoTtom 295,3 mm/
Results of the BHA Choice for Drilling the Well Sections with the Zenith Angle of 20° with 295.3 mm Bit

GCF for the period of 2006 — 2012.
Table 1 shows the detailed informa-
tion about the empirical estimation

Yucnosi 3HaueHHs ansa sapianTis KHEK/ Numeric values for BHA variants of the basic statistical parameters
NE R R R e ] 5 5 2 5 p . (expectation X, dispersion S 2, cor-
—— relation rates r, ) of the BHA for the
Bxigwi ani/ Input data zenith angle o and wellbore inclina-
[iameTp OLIE (Mm) / BigcTaHb Big gonota go OLLE (m): / Diameter of SCE (mm) / distance from the bit to SCE (m): tion intensity dy/ds lateral force Ro
nepwwin/ first 295.3/1.3 - 295.3/1.3 [ 2953/1.312953/1.3]2953/1.3|2953/1.3 : : ’:
apyruii/ second 295.3/2.5 | 2953/2.5 - 295.3/2.5[2953/2.5|2953/2.5]|2953/2.5 OILEI bl(tl’ I:efictlo(?s Ri . L, 21’ o fl‘OI' Scﬁ
Tperi/ third | 2953/5.5 | 295.3/5.5 | 2953/55 — [2953/55]2953/55]2953/55 | While drilling directional wells wit
yetBeptwit/ fourth | 295.3/8.5 | 295.3/8.5 | 295.3/8.5 | 295.3/8.5 - 295.3/8.5[2953/85 | 295.3 mmand 215.9 mm bits.
n'aTn/ fifth 295.3/11 | 295.3/11 | 295.3/11 | 295.3/11 | 295.3/11 - 295.3/11 The considerable correla-
wocTtuit/ sixth 295.3/14 | 2953/14 | 2953/14 | 295.3/14 | 295.3/14 | 295.3/14 - tional relationship between the
Po3paxyHKkoBi xapakTepuctuku/ Design characteristics geometric parameters of the well-
MNonepeyHa cnna Ha . . .
ponoti, kH/ Lateral 0.41 0.49 -0.42 0.46 0.10 013 015 bore zenith and static characteris-
force on the bit, kN tics of the BHA for the 215.9 mm
Peakuii Hagl;[E, KkH:/ Reactoic;r21 on SCE, kN: — — 55 5 & bits (IT| > u,,,= 1,96) follow from
nepwunn/ first . - . -0. . . . :
Apyrv/ second 2.5 2.28 - 2.56 .75 136 -1.04 Tft(’)lg 51 Wﬁth ﬂ}e Co‘?ﬁd?nc‘} le‘fl
Tperint/ third 0.26 0.23 0.91 - 6.50 8.60 7.85 €=0,05, where I'—criterion for the
yerseptuir/ fourth 9.06 9.06 8.82 9.30 - -11.86 -24.68 statistical hypothesis verification
n'aTun/ fifth -22.85 -22.85 22.78 22.95 16.17 - 31.37 Hy:p = 0; p — actual value correla-
wocTuit/ sixth 28.12 28.12 28.11 28.14 26.46 19.58 - tion factor: Uyy — quantile of the u
b
BiacTtaHb Big gonota distribution. For the 295.5 mm bits
A o SC;TBZ&SET the considerable correlational rela-
BuUHN, M/ Distance tionship can be observed only for
fromtthet bitltotthfe 28.3 28.3 28.3 28.3 28.2 27.8 25.4 the dependencies between the de-
tc,? en SaCCE \m'r? ﬂ? e Viatiqn ;enith apglq and static char-
wellbore wall, m acteristics. Taking into account the
BiaHoweHHA abovementioned, the conditions for
amnniTyd nonepey- stabilizing the deviation of the in-
HUX KONMBAHD <1 <1 <1 <1 <1 <1 <1 clined wellbore section can be for-
dosr / @y / Relation of mally represented as
the lateral vibration y 1ep
amplitude apc/ ag

JUAsHOK 295,3- 1a 215,9-MM 10m0TaMH.

I3 Tabn. 1 i3 nosipuoro fimoBipHicTio £=0,05 BUIUIMBAE 3HAUY-
MU KOpENAIHHUN 3B’I30K MK T€OMETPUYHHMH NapameTpaMu
BUKPUBJICHHSI CTOBOYpa CBEPAJIOBUHH Ta CTATHYHUMH XapakTe-
puctukamu KHBK st 215,9-mm o ( IT|> u,,=1,96), ne T—xpu-
Tepii A7 mepeBipKU CTaTHCTHYHOI TinoTe3n H,: p = 0; p — icTuH-
HE 3HAUCHHS KOe(iIiEHTa KOPEIIALIT; 1, — KBAHTHIIb U-PO3IIOILITY.
Juist 295,3-MM JOMIT 3HAYYIIHIA KOPEISAIIHHUE 3B’I30K CIIOCTEpi-
TA€THCS TUTBKY JJIS 3QJIEKHOCTEH MiX 3€HITHUM KyTOM BHKDHB-
JICHHS 1 CTAaTHYHUMH XapaKTepUCTHKaMHU. BpaxoByroun 3a3Hade-
He, yMOBa CTabLTi3aIlii BUKPUBICHHS TOXIJIO AiJITHKH CTOBOypa
CBEpIIOBUHU (hOPMATTLHO MOKe Oy TH TTOJJaHa y BUTIISI

R)’-(R]y¥<0,i=0,1....

ne [R;] — oOMesxeHHs Ha rmorniepeyHi crti Ha qonoTi Ta OLE.

Li oOmexeHHs OyIyIOTh i3 BHKOPHCTAHHSAM CTATHCTHYHUX TIa-
pamerpiB KHBK y BUrsmi OIiHOK MaTeMaTHYHOTO CHOMIBAHHA 32
YMOBH JIOITYCTUMOT'O 3HAYEHHS 3¢HITHOTO KyTa [0 200 IHTEHCHBHOCTI
[dy/ds) BuxpuBnenHst cropOypa ceepmioinu [11]. Hanpuxman, s
IHTCHCHBHOCTI BUKPHBJICHHS OI[IHKAa MAaTEMATHYHOTO CTIO/IIBAHHS

@

[K]:R+%VM ([dy/ds]—(T/ds)) (©)

Ta Horo aucnepcii

R~ ([R]P<0,i=0,1,.., (2
where [R;] — limitations for the lateral forces on the bit and SCE.

These limitations are made with the help of the BHA static pa-
rameters in the form of estimation of expectation at the accepted
value of the zenith angle [o] or wellbore inclination intensity [dy/ds]
[11]. For example, the estimation of expectation for the inclination
intensity is as follows

(7 )= R+, [y ~(37)) G)

and its dispersion

S} =8z (I-rg). @

Then the limitations [R] for the given [o] or [dy/ds] and con-
fidence level € are estimated as one-sided class limits [[R], + oof
at R,>0 or ]-oo, [R]] at R,<0, inside of which there is a random value
R; with the confidence level of 1-¢.

Choice of the BHA for Directional Wells Drilling

We consider the choice of the BHA for drilling the inclined well
intervals on the Yablunivske GCF within the Model (1). For the two-
dimensional design scheme we use the criterion of dynamic stability,
which reflects the nature of attenuation of the amplitude distribution
curve of the BHA transverse vibrations that are perturbed by the bit
operation on the bottomhole [4, 5].
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@

Toni oomexenns [R;] mns 3amanux [o] 9u [dy/ds] 1 noBipwoi
HMOBIPHOCTI & OLIHIOIOThL K OJHOCTOPOHHI TPaHMLI 1HTEPBAIIiB
[[R], +oo[ mpu R,;> 0 abo ]-o, [R]] mpu R; < 0, ycepenuHi siKux i3
WMOBIPHICTIO HAAIHHOCTI 1-& 3HAXONUTHCS BHUIIAIKOBA BEJIH-
yuHa R,.

Bu6ip KHBK pi1s1 moxuiux aijisiHOK cBepaJIOBUH

VY pamxax mozeni (1) posrmsaemo Bubip KHBK mns Oypin-
HS TIOXUJIUX IIJSTHOK cBepaiioBuH Ha SomyHiBchbkomy ['KP. [lst
IUIOCKOT PO3PaxyHKOBOI CXEMH CKOPHCTAEMOCSI KPUTEPIEM JINHA-
MIYHOT CTIHKOCTI, SIKMH BiI0Opa)kae XxapakTep 3aTyXaHHs KpUBOI
PO3MOIITY aMILTITY/L ITONEPEYHUX KOJIMBAaHb HU3Y OypPHIIBHOI KO-
JIOHH, 10 30y PIOIOTHCS POOOTORO T0TI0Ta Ha BHOOI [4, 5].

KHBK BBa)ka€ThCcss AMHAMIYHO CTIMKOIO, SKIIO BOHA 3a-
Oesneuye 3aTyXaHHsS aMIUTITY[ TONEPEYHUX KOJNHUBaHb, TOOTO
Aopr/an <1 (IPUYIOMY dopr/ay =1 TiNbKY HA ONOTI), A€ a; — aMILli-
Ty/la TIONIEPEYHNX 3MIIIEHb Ha J0JIOTI, dopr — aMILIITY/a Hornepe-
YHUX 3MillIeHb HU3Y OypriibHOi KosoHu. B inmomy pa3i KHBK
BBAXXA€THCS AUHAMIYHO HECTIHKOF0. OCKIIBKH IS po30y pro-
BaHHSI MOXUJIUX JIJISHOK CBEPAJIOBUH MOKIINBE BUKOPUCTAH-
HS TPHOXIIAPOITKOBUX A0JIT 1 goniT PDC i3 pi3HuMEU yac-
totamu 30yproBanbpHux cui, To KHBK maroTh Biamosigatu

SE=Sk(1-r).

yMOBaM JUHAMIYHOI CTIHKOCTI IS ITUX JIOJIT.

CurcteMoro 0OMEKeHB ((x") Tie-
penbaveHo BUKOPHUCTAHHS TOBHO-
posmipanx OLE, mo po3ramoBaHi
Mk coO0I0 Ha BifiCTaHi, OLIBIIIIH 3a

The BHA is supposed to be dynamically stable if it provides
attenuation of the transverse vibrations amplitude, i. e. a,-/a; <I
(with a,c/ag =1 only on the bit), where a, — transverse displacements
amplitude on the bit, a, — transverse displacements amplitude of the
drill string bottom. In other cases the BHA is considered to be non-
stable. As well as for perturbation of the inclined well sections there
is a possibility to utilize the three-cone and PDC bits with different
frequencies of the perturbation force, the BHAs must comply with
the requirements for the dynamic stability of these bits.

The limitation system ¢(x") provides for utilization of the full-
scale SCE, located on the distance that is greater than their length.
The limitation for the bit was made on the basis of (3) and (4) under
the conditions of the curvature stabilization (2). To model the effect
of the wellbore local caverns on the efficiency of the BHA in the
problem (1) the conditions to ensure the dynamic stability of the bot-
tom (optimality criterion) and stabilization of curvature (2) in the ab-
sence of the contact of one of the SCE (arbitrary) with the borehole
wall were additionally accepted [8, 11]. The important requirements
must also include the achievements of low risks for solving the prob-
lem (1) in the conditions of information uncertainty.

It is obvious that the provision of the formulated requirements
can be achieved by means of choosing the multi-supported BHA.
The class 9 of the alternatives in the problem (1) is made of the
BHAs that include 4 and more SCE.

Table 6

Pe3ynbrati BU60opYy KHBK finst OypiHHA AiNsAHOK CBEPANOBYIH i3 3eHITHUM KyToM 14° fonotom 2159 mm /
Results of the BHA Choice for Drilling the Well Sections with the Zenith Angle of 14° with 215.9 mm Bit

X noBXxkHHY. B ymMoBax cTabimizarrii - — - -
Y Yncnosi 3HaueHHA ana BapiaHTiB KHBK/ Numeric values for BHA variants
KpHUBU3HH (2) IPUIHATO 0OMEKCH- Mapametp/ Parameter | | | | | |
Hs, noOynoBaHe Ha ocHOBI (3) 1 (4) — ! 2 3 4 > 6 !
s gonorta. JIms MOJENIOBaHHS BxiaHi AaHi/ Input data
BILUIMBY JIOKAJIbHUX KaBepH cToBOy- | Aiametp OLIE (wm) / BiacTaHb Bia aonota Ao OLIE (w):/ Diameter of SCE (mm) / distance from the bit to SCE (m):
pa Ha epextuBHicTE KHBK y 3ama4i nepunii / first 2159/1.2 - 2159/1.2 | 2159/1.2[2159/1.2| 2159/1.2 | 2159/ 1.2
(1) nonaTkoBO MPUIHATO YMOBH 3a- apyruin / second 215.9/2.6| 2159/2.6 - 215.9/2.6 [215.9/2.6| 215.9/2.6 | 215.9/2.6
Oe3reyeHH s AMHAMIYHOT CTIMKOCTI Tperii / third 215.9/5.5| 2159/5.5 | 2159/5.5 - 215.9/5.5]2159/5.5 | 2159/5.5
HU3Y (KPUTEpII0 ONTHUMAJIBHOCTI) yetgepTuii/ fourth 2159/8 | 2159/8 | 2159 /8 | 2159/8 - 2159/8 | 2159/8
i cTabimizamii KpuBU3HM (2) 3a BiJ- n'aTnin / fifth 2159/12| 2159/12 | 2159/12 | 215.9/12 | 2159/12 - 215.9/12
CYTHOCTi KOHTaKTy OJTHOTO (IIPA0- wocTwii / sixth 2159/15| 2159/15 | 2159/15 | 2159/15 | 2159/15 | 2159/15 -
My nosinbHOro) i3 OLIE 3i crinkoro PospaxyHKoBi xapakTepucTtuki/ Design characteristics
ceepioBund [8, 11]. [lo BaxinBux MonepeuHa cuna Ha
BUMOT HOTpiGHO BIJTHECTU TaKOXK ponorti, KH/ Lateral force 0.18 0.25 -0.26 0.18 0.02 0.08 0.07
. on the bit, kN
SITHEHHST ~ HU3BKUX — PH3HKIB
AAOCATHE : 31 PHSHIES | peakuin a OLE, kH:/ Reaction on SCE, kN:
pose’isky 3azadi (1) B ymoBax in nepwmii / first 014 - 1.31 011 0.94 0.64 071
(popMaifiHOI HEBU3HAYEHOCT. npyrun / second 0.96 1.07 - 1.00 -0.63 -0.03 -0.16
OueBnjiHO, 1O 3abe3nedeH- TpeTii / third 0.01 -0.02 0.38 - 2.71 3.06 3.46
st C(bOpMyJIbOBaHI/IX BUMOT MOXKE l-IETB,epTVIvI/I/.fOUrth 2.68 2.68 2.55 2.70 - -2.74 -5.73
6yTH JIOCATHYTO 33 PaXyHOK BHGO- n'aTui / fifth -5.96 -5.96 -5.94 -5.97 -4.52 - 8.46
Y wocTnit / sixth 974 9.74 973 9.74 9.21 6.58 -
py 6aratoonopunx KHBK. ¥ 3ana- - -
7 BiactaHb Big gonota fo
i (1) xmac 9 anmsTrepHATHB CPOpMO- TOUKM AOTUKY OBT 3i
Baio i3 KHBK, 1o piomiotaiors 4 C;iSKOD CB?PHHO?]MHE)/L 274 26.7 26.7 26.7 26.7 26.2 26.3
: m/ Distance from the bit . . . . . . .
Ginpie OLLE. R to the contact point of
Y Tabu1. 2 HaBeIeHO NesIKi BXi/l- | the SCE with the wellbore
Hi mami s subopy KHBK, sxi wall, m
MPUITHATO Ha OCHOBI THITOBUX KOH- BigHoWeHHA amnniTys
CTPYKIIiH 1 podiiB CBEpPIIOBHH nonepeyHnX KonmeaHb
PYKI pod . P ’ aosr/ A,/ Relation of the <1 <1 <1 <1 <1 <1 <1
a TaKOXK Pe3yJIBTaTiB aHaMi3y IPO- ||ateral vibration amplitude
MUCIOBUX MaHuX [7, 11]. OOMexeH- Apc/ ag
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HS HA CTATHUYHI XapaKTEPUCTHKU
MOOYIOBAHO JJISI TEOMETPHIHUX
mapaMeTpiB BUKPUBIICHHS 31 3Ha-
YYIUM KOPEJSAIIIHHAM 3B’SI3KOM:
it 295,3-MM 70T 3a JIOIycC-

OparmeHTV pe3ynbTaTiB CTaTUCTUYHOIO MOAENOBaHHA feAKMX
xapaktepucTk KHBK gns 6ypiHHA AinsiHOK cBepAioBYH AOMO-

TOoM 295,3-MM i3 3eHiTHUM KyToMm 15° Fragments of the Statistical
Modeling Results of Certain BHA Characteristics for Drilling the Well
Sections with the Zenith Angle of 15° with 295.3 mm Bit

BYPIHHA CBEPAJIOBUH

Ta6nuus 7/ Table 7 Table 2 shows some input

data for choosing the BHAs,
which are accepted on the ba-
sis of the typical well struc-
tures and profiles, as well as

THUMHM  3HAUCHHSM  3CHITHOTO on the basis of the commer-
kyTa [0, a mist 215,9-MM OMIT | Hetouwi exigHi gani/ Inaccurate input data Pe3y£;;ae1l{lr:é<;tn fgfmimy/ cial data analysis results [7,
3a JIOMYCTUMHM 3HAYCHHSIM iH- BERian ; 11]. The static characteristics
TEHCHBHOCTi BHKPHBICHHS [dy/ | KHBK/BHA | % RaA/ | o, X8/ G kH/ Ko/ |y | Fa kH/ limitations are made for the
iant o,deg | ®, min G, kN TR Fg, kN X R
ds]. 3a3naunmo, o ass 295,3-MM VeI geometric parameters of devi-
: 6 13.8 92.64 | 193.58 + + -0.04 . . O
JONIT  JOJATKOBO  PO3TISHYTO B 136 8007 | 19944 ¥ n 013 ation with the significant cor-
KHBK npwu 3enitHux kyrax 15 i 2 14.4 86.67 | 194.97 + + 0.46 relational relationship: for the
20°. Taxi JiISHKE MOXYTh OyTH 7 14.8 85.65 | 195.54 + + -0.05 295.3 mm bits in accordance
. . 3 15.6 9746 | 206.44 + + -0.25 .
BUKOPHCTaHI B OKPEMHUX CHTYaITi- with the accepted value of the
SIX JI7IS1 BiTIOBITHUX TPAEKTOPIH 5 13.3 92.11 206.88 + + -0.13 zenith angle [o], and for the
CBEPIJIOBUH. 6 15.3 95.68 | 192.10 + + -0.03 215.9 mm bits in accordance
VY T1abn. 3—6 HaBemeHO pe- 6 1.8 0.85 _ 208.07 - * D03 ith the inclination intensit
TaobJL. ACHO e 4 14.7 87.80 | 207.85 + + 0.19 w ! y
3yJIbTaTH BHOOPY IapameTpiB 1 159 82.03 | 20913 + + 0.26 [dy/ds]. We need to point out
KHBK mna 2953- ta 215,9-MM 3 14.9 80.54 | 196.62 + + -0.24 that the BHA at the zenith
JOMT i3 po3B’si3ky 3amadi (1) i3 5 156 8788 | 19348 . n 0.50 angles of 15 and 20° were ad-
ypaxyBasHHsIM (2)—(4). Onepxani 7 15.6 86.33 | 209.26 + + -0.05 ditionally considered for the
pe3yJIbTaTH CBimyaTh Ipo  J0- S 14.1 97.07 | 193.95 + + -0.13 295.3 mm bits.
S . 1 13.7 8395 | 190.94 + + 0.23 .
CSITHEHHS PO3B’SI3KIB 3ajadl JUIst Tables 3 — 6 show the choice
KHBK, mo BKIHOYaOTh YOTUPU 7 15.2 86.65 | 195.89 + + -0.05 results of the BHA parameters
(mast 295,3-MM  7oMiT) 1 INCTB 6 14.7 92.29 | 200.50 = + -0.03 for 2953 and 2159 mm bits
215,9-mm  nmomit)  OIE 2 152 Bo.61 200,34 + + D13 based on the (1) problem solu-
(st > A . 6 15.6 8878 | 206.58 + + -0.03 ) ) p
B T1abn. 3-6 HaBeAeHO TaKOX tion with the account of (2) — (4).

CTaTWYHI 1 JUHAMIYHI XapakTe-
puctukun KHBK, y Tomy umci
JUIS BapiaHTIB, SIKI MOJCIIOIOTH
JIOKaJIbHI KaBepHH. J{i1s BapiaHTa
1 Bci OLIE KOHTaKTyIOTH 31 CTiH-
KOIO CBEpIUIOBMHU (KaBEpHHU Bifl-
CYyTHI), JJis1 iHIMX BapiadTiB onuH i3 OLIE He KOHTAKTYe 31 CTiH-
KOO CBEPIIOBHHU (HasIBHI KaBepHH). Y TaON. 3—6 MOKA3HUKH dy/
@y — Js TPHOXIAPOLMIKOBKX JOMIT i gomit PDC.

Ouinky pusukiB Bubopy KHBK Bukonano 3 ypaxyBaHHSIM
CTaTHCTUYHOTO MOJIETIOBaHHS HETOYHOI iH(opMmarii mpo Hass-
HICTB KaBEepH (BapiaHTH KOMIIOHOBOK), 3eHITHHI KyT BUKPHBICHHS
CBEpP/JIOBHHH, OCbOBE HABAHTAXKEHHS Ta YaCTOTY 00EpTaHHs (JIUB.
Tabm. 2). Y tabin. 7 HaBenAeHO (pparMeHTH Pe3yJIbTaTiB CTaTHCTHY-
HOro MoyiesroBaHHs Aesikux xapakrepuctuk KHBK nuist Oypinas
295,3-mM momotamu. KiTbKiCTh CTATUCTUYHUX CKCIICPUMEHTIB —
100. Ouinky mokasHUKIB pu3nKiB 3anporoHoBannx KHBK momano
B Tabm. 8.

AHani3 g1aHux Tadi. 3—6 CBiAYUTH PO Barome MOKpaIieH-
Hs1 xapakTepucTuk 3anpornoHoBannx KHBK nopiBHsHO 13 THMH,
SIK1 32CTOCOBYBaJIX MiJ1 Yac Oy piHHS MOXMIINX JUISTHOK CTOBOYpa
ceeptoBuH Ha SIomyHiBchkOoMYy ['KP [7]. Oco0nuBO BasKITHBUM
€ 3a0e3neYeHHs MaliKe HyJTbOBHX PU3HKIB BHOOPY KOMIIOHOBOK.

Criz 3a3Ha4nTH, O B [ 7] BUBYanu xapakrepructuki KHBK 6e3
ypaxyBaHHsI MOJIE/TIOBAaHHS JIOKaJIbHUX KaBepH. CTaTUCTHYHE MO-
JenoBanHs HetouHoi iHpopmanii s KHBK, siki 3actocoByBanu
i1 yac OypiHHS MOXWINX JIISTHOK Ha SI0yHIBCBKOMY POIOBHIL,
TI0Ka3aJI0 BUCOKI TX pn3nku. [1oKa3HUKM pH3HKIB 32 yMOBaMH CTa-
Oimizanii BUKPUBICHHS CTOBOypa CBEpAJIOBHHH i Yac OypiHHS
295,3- 1 215,9-mm ponoramu craHoBisATh BianosigHo 0,81 ta 0,74, a
iX 00’¢/THAHHS 3 TIOKA3HUKAMH PU3HUKIB 32 KPUTEPISIMHU TUHAMIYHOI

«-» — AVHAMIYHIn HecTinkocTi KHBK.

BHA dynamic instability.

MpumiTku. K, Kope — KpUTepil guHamiyHoi cTiikocTi KHBK ana Tpboxwapowkosoro
ponota i gonota PDC. 3HaK «+» BiiMOBifa€ KpUTepilo AUHaMIYHOT CTINKOCTI, @ 3HaK

Note. K;cg, Kppc — criteria of the BHA dynamic stability for the three-cone bit and PDC
bit. The sign «+» stands for the criteria of dynamic stability, and sign «-» stands for

The obtained results indicate the
finding the problem solutions
for the BHA that include four
(for 295.3 mm bits) and six (for
215.9 mm bits) SCE. Tables 3 — 6
also show the statistical and dy-
namical BHA characteristics, including the characteristics for the
variants that are used to model the local caverns. All the SCE are in
contact with the wellbore wall (caverns are absent) for the variant 1
and the indices of the Table 3 — 6 a,,./a, refer to the three-cone and
PDC bits for the rest variants.

The risk assessment of the BHA choice is made with the account
of the statistical modeling of the uncertain information about pres-
ence of the caverns (assembly variants), wellbore deviation zenith
angle, axial load, and rotation speed (Table 2). Table 7 shows the frag-
ments of the statistical modeling results of some BHA characteristics
for drilling with the help of the 295.3 mm bits. The number of statisti-
cal experiments is 100. The risk indices assessment of the suggested
BHA is given in Table 8.

The analysis of the data given in Tables 3 — 6 shows a significant
improvement in the developed BHA characteristics if compared
with the used during drilling of the wellbore inclined sections on the
Yablunivske GCF [7]. Providing of almost risk-free assembly choice
is of a particular importance.

It should be noticed that the BHA characteristics were
studied in [7] without the account of the local caverns model-
ing. The statistical modeling of the uncertain information for
the BHA that had been used for drilling the inclined well sec-
tions on the Yablunivske field showed their high risks. The risk
indices in accordance with the conditions of the wellbore cur-
vature stabilization when drilling with the help of 295.3 and
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Tabnuuys 8/ Table 8
OuiHka pusmkis KHBK/ BHA Risk Assessment

KHBK gnsa 6ypiHHA gonotamu fiametpom, Mm/
BHA for drilling with the bit diameters, mm

295.3 (@=10°)|295.3 (:=15°)|295.3 (:=20°)| 215.9 (=14°)

Moka3HuK pusnky/
Risk indicator

Kputepin
ONHAMIYHOT
cTinkocTi KHBK no
BMMYLLIEHMNX OO0~
TOM NonepeyHnx
konuBaHb/ BHA
dynamic stability
criteria to lateral
vibration caused
by a bit

YmoBa cTabinizauii
BUKPUBIIEHHSA
cBepAnoBuHU/

Condition of the 0/0 0/0 070 0/0
well deviation
stabilization

MepeTnH
KpuTepito
ONHAMIYHOT
crinkocti KHBK i
ymoBWU cTabinizauii
BMKPUBIIEHHA
cBepAnoBUNHU/ 0/0 0/0 0/0 0/0
Intersection of
the BHA dynamic
stability criteria
and conditions
of well deviation
stabilization

0.01/0 0.01/0 0/0 0/0

C

O6'egHaHHA
Kputepito
ONHAMIYHOT
crinkocti KHBK i
yMoBM cTabinizauii
BUKPUBIIEHHSA
cBepAnoBuHW/
Union of the
BHA dynamic
stability criteria
and conditions
of well deviation
stabilization

0.01/0 0.01/0 0/0 0/0

MpumiTKa. B uncenbHuKy HaBefeHi 3HaYeHHA MOKa3HWKIB PU3NKY ANA TPbOXLWAPOLL-
KOBWX AONIT, @ B 3HAMeHHUKY — Ana gonit PDC./

Note. The numerator presents the values of risk indicators for the three-cone bits, and
the denominator presents the values for the PDC bits.

critikocti— 0,87 ta 0,74 (Tprox1maporikosi nonota) i 0,92 ta 0,74 (no-
nora PDC). BouyeBusib, Takuii piBeHb PH3UKIB € HENOMYCTHMHM i3
To3HIIiH 3a0e3nedeHHs GpyHknionasHIX BMor KHBK.

Ha pucyHky Juist mpuKIialy MoKa3aHo AUHAMIYHI XapaKTepuc-
Tk KHBK aiis OypiHHS TOXWIHUX JIASHOK 295,3-MM J0TOTaMH.
XapakTep KpPHBUX PO3MOAUTY aMILIITY]] TONCPCYHUX KOJIHBAHBb
Huzy Oypuibnoi koionu aiust KHBK i3 4 ta 3 OLIE (auB. puc. a
Ta 0) BIIIOBIIA€ KPUTEPIIO TUHAMIYHOI CTIHKOCTI, a JIIsl YMOB MO-
JICTFOBAHHS HETOYHOI BXiJHOI iH(pOpMAIIii (IMB. pUC. 6) BIH3HAYAE
nuHamigHO HecTiiiky KHBK.

BucHoBok

OTxe, Ha npukiazni cepaioBud SlomyHiBeskoro I'KP mpo-
imoctpoBano npuHIKNH BHOOpy O6araroonopanx KHBK mis cra-
O1Ti3aIi] TOXMIINX JIITHOK CBEPIJIOBHH. B 1X OCHOBY MOKIIA/ICHO
MIPOLElypy IMONIYKY ONTHMAJIBbHOIO BapiaHTa i3 AESIKOTrO KIacy
KHBK, sika BpaxoBye cuctemMy (pyHKITIOHaTBHUX BUMOT Ta 0OMe-

Puc. AnHamiui xapaktepucTtmkn KHBK gna 6ypiHHA noxunmx ginAHoK
CBepASIOBUHU: @ — BapiaHT 1 (Tabn. 3) AnA TPbOXLLAPOLWKOBOro A010Ta;
6 — BapiaHT 2 (Tabn. 3) ana gonota PDC; 8 — BapiaHT 6 (Tabn. 6) npu
CTaTUCTUYHOMY MofentoBaHHi ymos KHBK ana TpboxiwapoLwKkosoro
nonorta (Tabn. 7)/

Fig. Dynamic characteristics of the BHA for drilling an inclined well
section: a - variant 1 (Table 3) for three-cone bit; b - variant 2 (Table

3) for PDC bit; ¢ - variant 6 (Table 6) for statistical modeling of BHA
conditions for a three-cone bit (Table 7)

215.9 mm bits are equal to 0.81 and 0.74 respectively and their
combination with the risk indices according to the dynamic sta-
bility criteria are equal to 0.87 and 0.74 (three-cone bits) and
0.92 and 0.74 (PDC bits). It is obvious that such a level of risks
is not allowable from the point of view of providing the BHA
functional requirements.

The dynamic BHA characteristics for drilling the in-
clined sections with the help of the 295.3 mm bits are shown
as an example in the Figure. The nature of the amplitude
distribution curve of the BHA transverse vibrations for the
BHA with 4 or 3 SCE (Fig. a, b) matches the criterion of dy-
namic stability and it determines the dynamically non-stable
BHA for the modeling conditions of the uncertain input in-
formation (Fig. ¢).

Summary

Thus, the choice principles of multi-supported BHAs for
the stabilization of well inclined sections were formulated and
illustrated by the example of the Yablunivske GCF wells. They
are based on the search procedure of the optimum alternative
from a certain class of BHA, which takes into account the sys-
tem of functional requirements and constraints. Moreover, these
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xeHb. [Ipruomy 11i 0OMexkeHHS OOTPyHTOBYIOTH 3a pe3yJbTaTaMu
aramizy xapakrepucTuk KHBK y moniOHuX TipHHYOTreomoriqHnx
1 TexHIYHUX yMoBax. [l yMoB iH(opMamiiiHOI HeBU3HAUEHOCTI
3aIIPONOHOBAHA MOJIEJIb JIOIYCKAE aHaJIi3 1 KepyBaHHS PU3UKaMHU
Bubopy KHBK.

BYPIHHA CBEPAJIOBUH

restrictions can be proved according to the results of the BHA
characteristics analysis in similar mining, geological and tech-
nical conditions. The developed model allows the analysis and
risk management during the BHA choice for the conditions of
information uncertainty.
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Hopeezia mae matixe 1,4 Mapo m H.e.
HepOo38i0aHUX pecypcis 8y2/1e800HI8

3a oyinxoro Wood Mackenzie, Hopeezcist mae 1,36 map0 m H.e. Heposgioanux eyenesoonesux pecypcis, 60 % iz akux cmaro-
8umb KomepyiliHe 3Ha4enHs i ix po3pooka moodice npurecmu npudymox y cymi 106 mapo oon. CLIA. Heposegioani pecypcu po3-
Mawlo8amni 8 HOPEE3LKOMY KOHMUHEHMAIbHOMY wienb@i, nonoguna 3 nux npunaoac na Ilisniune mope, inuwa — 3Haxo0UMbCsl 6
Hopeeszvkomy ma bapenyogomy mopsx.

Cepeo nepossioanux pecypcis, sk ésasicae Wood Mackenzie, 660 man m H.e. — eKOHOMIUHO 6u2iOHI 015 po3pooku, 220 m H.e. —
NOMEHYITIHO eKOHOMIUMNI, pewma — He NPeoCcmasiaoms KOMepyitiHo2o inmepecy, a omice, He 6600UMUMYMbCA Y PO3POOKY.

Ockinvku ineecmopu 3ayikagieni ompumamu Oinbuii OUgioeHOU i CKopiule NOGEPHYMU 6KIAOEHT Kanimanuy, cKaaoHi i Oinbu
Kanimaiomicmki npoexmu Moxcyms 0ymu 6i0OmepMIiHO8AHI I, 3a Ne8HUX 00CMABUH, y3a2ali Hepeaii308aHi.

3a mamepianamu http://www.ogj/com/articles/2014/08/woodmac-norway-s-10-billion...

[Monewa poswuptoe nomyxxHocmi mepmiHany 31T

Honvwa naanye poswupumu nomyxcnocmi 30epicanns easy na mepminani 311" y Ceinoyiicye, 0o8isuiu ix 00 NOL08UHU 8i0
00cA2y cnoxcusanHs 2a3y 6 kpaiui. Lle nos’asano 3 noaimuxorn, cnpamosanoo Ha ousepcuikayiio dxcepes NOCMA4aHHA a3y i
BMEHWEeHHSl 3aNeHCHOCMI 8I0 IMNopmy pociticbkoco 2azy. Cnopyodicents mpemvoi EMHOCMI 015 30epicannsa 2a3y HaA MepmiHaai
0acmb MONCIUBICIMb DOBECMUL 3A2AbHY NOMYICHICMb 30epicanis 2azy 00 7,5 Mapo Mm°.

3a mamepianamu http://www.ingworldnews.com/polish-Ing-terminal-storage...
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