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"'eomexaHn4yecKoe conpoBoXXaeHue GypeHus
rOPU30OHTaSIbHOU CKBaXKUHbI B BocTouHon Crnbunpwm

Modeling Support for Horizontal Drilling in Eastern Siberia

BeeneHune

Bbibop onTuMaribHbIX PEXXMMOB BypeHus, Hapsiay C
Pa3BUTUEM TEXHOOMMIN BYPOBOW TEXHWNKM, MO3BONSET
CYLLECTBEHHO COKpaTUTL BPEMS 1 3aTpaThbl Ha BypeHne

N OCBOEHME CKBaXXNHDbI. O,EI,HI/IM N3 OCHOBHbIX 3TarnoB
SBNSIETCS OLIEHKA YCTONUMBOCTU CTBOJIA CKBEXKMHbI C LIESBHO
CHVDKEHWST PUICKOB, TaKMX Kak 0BBaUT CTEHOK, MPOSBIEHNS,
MOMOLLIEHNS! 1 MAPOPA3PbIB C NMoTepen UmpKynaummn MK

[1 - 6], KoTopble ByayT PacCMOTPEHBI B AaHHOW pabdoTe. B
OBCAKEHHOWM CKBEXKMHE aKTyaslbHOW CTaHOBUTCS 3afada
MECKOMPOSIBIEHIA, COMPSPKEHHaS C 3a0a4el YCTOMHNBOCTA
MPUCKB2XKNHHOM 30HbI [7 - 9]. [ToBeOeHMe CTBOMA CKBaXKMHD!
B MOMEHT Pa3PYLLEHNA MOXKET NPONCXOO/Tb MO HECKOJIbKMM
cugHapuaM (Modam paspyLLeHIs).

B naHHoM paboTe paccMOTPEeHbl METOANYECKNE

ACMEKTbI FEOMEXaHNYECKOrO COMPOBOXAEHMS BYypPEHs
CKB2XXMHbI, BK/TtOYasi MOCTPOEHME NpeabypoBbIX MOAENEN
MEXaHNHECKVX CBONCTB, HAMPSKEHWI 1 MOPOBbLIX
OaBJIEHUI, a TakXKe YCTONYMBOCTI CTBOS1A CKBEXKMHbI, 1
VX MoLLaroBoe 0bHOBJIeHME MO JaHHbIM Kommexca [ T n
LWD B npouecce 6ypeHus.
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Introduction

Optimal driling modes, in line with new drilling technologies,
will significantly reduce the time and costs for well
construction and development. One of the main stages is to
evaluate the wellbore stability with the aim of mitigating risks,
such as well caving, lost circulation, hydraulic fracturing with
circulating fluid kicks [Ref. 1-6]. A cased well is challenged by
sand ingression and near-wellbore instability [Ref. 7-9]. There
are different scenarios for a well to fail (failure mode).

The article addresses the geomechanical drilling support,
including the construction of pre-drill modeling of the
mechanics, stresses and pore pressures and wellbore
stability, and their step-by-step updating according to mud
logging and LWD data.

Methods

1D Geological-Geomechanical Modeling

To solve the problems, we have developed a 1D geological-
geomechanical modeling the near-wellbore that includes
the mechnical earth model (MEM) of the target formation,
i.e. profiles of rock elastic moduli, strength and plastic
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MeToouka

lNocTtpoerune 1D reonoro-reomexaHn4ecKkon Moaesm
[ns pelleHns NocTaBNeHHbIX 3ada4 HaMmu Bblna
paspaboTaHa MeToamka nocTpoerns 1D reonoro-
FEOMEXaHMYECKNX MOOEEN OKONOCKBAXKNHHOIO
MPOCTPaHCTBa, BK/toYatoLLast MOAeSlb MEXaHUHYECKIX
ceonctB (MMC) nopog paspesa — Npodunn ynpyro-
MPOYHOCTHBIX 1 MNACTUYECKUX KOHCTaHT FOPHbIX
nopoa, U MOAENb eCTECTBEHHOMO HAMPSAXKEHHO-
nedopmMmpoBaHHoro coctosaHus (HOC) —
pacnpefeneHys BepTUKaIbHOrO o, MakCUMaslbHOro
0, N MHVMasIbHOrO 0, TOPU3OHTASIbHOrO HaMPSHKEeHNS,
a TaKKe a3nMyT MakCUMasibHOTO @, HanpsKeHns

B MacCuBe FOpHbIX MOPOL, 1 MOPOBOE AaBfEHNE.
MocTpoerHne MMGC 0CHOBaHO Ha MOVMCKE MHOFOMEPHbIX
koppensuuin kepH-IN'MC ¢ ncnonb3oBaHMeM
COBOKYMHOCTU A@HHbIX 1abopaTopHbIX NCCNEA0BaHNI
06pasLIoB KepHa, reohr3n4eCKoro nccnegoBaHus
ckBaxkUH (MTIC) 1 reonoro-TeXHNYECKUX NccnenoBaHun
(F'T) B mpoLecce BypeHnst C y4ETOM NTUTOSTOTMHECKOrO
pacyeHeHNs pa3pesa. Takke MoryT bbiTb
ncnonb3oBaHbl Koppenaunn MMC-kepH, N3BECTHbIE U3
nuntepatypsl [10], 0OHAKO 3aBUCMMOCTU MOMYT JaBaTb
CYLLIECTBEHHbIN pPa3bpoc pe3ynbTaToB [25], 1 B TaKOM
cnydae TpebyeTcs 0TOOp U UcCcneqoBaHUs KepHoB. [Mpu
NOCTPOEHUN Koppenaumin kepH-I'MC 6bin npoBeaeH
aHannM3 MeTOAOM I1aBHbIX KOMMOHEHT A1 0THopa
Hanbosee 3Ha4YMMbIX MapPaMeTPOB KapoTaxka a1
BOCCTaHOBJIEHNSI MEXAHNYECKMX NapamMeTPOB BAO/b
CTBOJIA CKBaXKMHbI.

[MpPOrHo3 NOPOBOro AABEHUS OCYLLECTBNSAICS MO
METOANKE KPUBbLIX HOPMaIbHOMO YMIOTHEHUS MINH—
3aKOHOMEPHOCTU MSMEHEHMA CBOMCTB MOPO[, B PE3YybTaTe
VX yNNOTHEHWA B MpoLecce HakornneHms OCaaKkoB.
Hanboriee 4aCTo 1Cnosb3yroTCs pasndHbie BapuaLyim MeTofa
ToHa, Bayapca, Munnepa, AnexcaHaposa, JobpbHiHa 1 T.4,
[2;11 - 13]. B ka4ecTBe MPOrHO3HOIro NapamMeTpa UCMONL3YHOTCS
napameTpsbl [VIC (YOC, nHTepBanbHoe BpemMs npobera
MPOAOBHOM BOJHbI, MAOTHOCTb) Uin [T (d-aKcnoHeHTa,
BypoBasi mopucTocTb) [2].

BepTukanbHoe HanpshkeHne (IMTocTaTnyeckoe nnm
FOPHOE AABJIEHME) PACCHUTBIBAETCHA NHTEMPUPOBAHMEM
MNNOTHOCTU. MUHUMASTBHOE U MakCUMasibHOEe
FOPU30OHTASTbHbIE HAMPSXKEHUS PACCHUTHLIBAOTCS B
NPUBAMKEHUM NOPOYNPYron Mmoae . MnHumansHoe
FOPU3OHTASIBHOE HaMPsSXKEHNE 0ObIYHO OTBEYaeT
0aBNEeHUIO 3aKPbITUS TPELLWHBI TMAPPOPa3pbIBa.
MakcrmManbHOE ropu3oHTaIbHOE HanpPsXXeHne
COOTHOCUTCS C AaBfEHE MHMLMALMN TPELMHDI:
P,=30,-0,-P,
A3MYT MaKCMasIbHOrO FOPU30HTATBHOIO HaMPSXKEHNS]
onpenensetca n3 FMI (aanmyT npenmyLLIECTBEHHOIO
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constants, and a in-situ stress model model, i.e. distribution
of vertical o, maximum o, and minimum o, horizontal
stresses and azimuth of maximum ¢, horizontal stress,
and pore pressure. MEM serves to find multidimensional
correlations between laboratory tests of the core samples,
the well and mud logging while drilling whilst considering
the lithology. Historical [Ref. 10] core-log data correlations
may also be used, however the functions may result

in a spread of results [Ref. 25]. For this reason, the

core sampling and analysis is required. The core-log

data correlation was made together with the dominant
component analysis to find the most critical logging
parameters to restore the wellbore mechanics.

The pore pressure prediction was made by the normal
clay-rock compression curves, i.e. the change in

rock properties caused by sedimentary compression.
Variations of the methods of Eaton’s, Bowers’, Miller’s,
Aleksandorv’s, Dobrynin’s, etc. are widely used [Ref. 2;11

- 13]. The forecast parameter is the geophysical survey
parameters (specific electrical resistance, longitudinal wave
speed, density) or the geotechnical survey parameters
(d-exponential, drilling porosity) [Ref. 2].

Vertical stress (geostatic pressure) is calculated by
density integration. Minimum and maximum horizontal
stresses are calculated in approximation of poroelastic
model. Usually, the minimum horizontal stress reacts to
the closing pressure of hydraulic fracture crack.

The maximum horizontal stress correlates to fracture
initiating pressure:

P, =30,-0,-P,
The maximum horizontal stress azimuth is determined by
FMI (azimuth of dominating outstretch of drilling-induced
fracturing) or Sonic Scanner (azimuth of propagation of
fast transverse polarization in horizontal direction). Usually,
it is not a problem to find the maximum horizontal stress
azimuth compared to the maximum horizontal stress itself.
Several approaches are used for this

1. By width (azimuth aperture) of drilling-induced falls
by FMI.

2. By HF bottom-hole pressure chart. It should be noted
that for HF, only the minimum horizontal stress can be
expressly determined, while HF pressure depends on
both stresses and HF fluid efficiency.

3. Open hole ovalisation in the contact area (recorded with
a multi caliper tool).

4. Cross-dipole acoustics data only will not allow to

directly determine the maximum horizontal stress, but
this technique may help in MEM.
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MPOCTUPAHNS TEXHOMEHHOM TPELLMHOBATOCTM CTBOSIA

CKB2XXMHbI) UM Sonic Scanner (a3vMyT pacrnpoCTpaHeHMS

ObICTPOM MONEPEYHOWN MOPU3OHTANIBHO NOSAPU30BAHHOWM

BOJIHbI). OBbIMHO C OMpeaeneHre a3nuMyTa MakCUMasibHOrO

FOPU3OHTA/TBHOIO HAMPSPKEHNSA HE BOSHUKAET NMpobsiem,

B OT/IM4ME OT CaMol BENNHMNHBI MaKCUMaJTbHOrO

FOPU3OHTATBHOMO HanpsXXeHns. 118 3Toro Ncnoib3yeTcs

HECKOJIbKO MOAXOA0B.

1. To W1pKHe (a3MyTy PaCKPbITAST) TEXHOMEHHbIX
BbIBA1I0OB MO Mmapke FMI.

2. Mo rpadhmky 3abonHoro gasnenHus npu I'PI. Cnegyet
MPWHSTL BO BHUMaHMe, 4to no [Pl ogHO3Ha4yHO
ONPeaensieTcs TONbKO MUHNMaTBHOE FOPU30HTa/TbHOE
HaNPsSPKEHNE, B TO BPEMS Kak AaBNeHne paspbiBa
ONpPenenseTcst He TONbKO HANPSPKEHNSIMU, HO
3P DEKTUBHOCTLIO XKNOKOCTU paspblBa.

3. Mo oBanm3aLmm OTKPLITOro CTBOJ1a B 061aCTV BbIBASIOB
(019 3TOro HEOBX0aMMbI 3aMNCU MHOFOPBIYaXKHOO
KaBepHoOMepa).

4. Tlo gaHHbIM KPOCC-AMMONBHON aKyCTUKIA HAMPSIMYHO
MaKCVMaIIbHOE FOPUSOHTA/TbHOE HAMPSKEHWE
onpenenTb HEBO3MOXXHO, OIHAKO 3TOT METOA, MOXKET
JaTb NMPEeAnoCbIKM ANs KasIMOPOBKM MOPOYNpYroi
Moaenu.

B nepeyeHb 3a0ad yCTOMYMBOCTU OBbIYHO BKITHOHAKOT

cnenytoLyve sagadm [1]:

1. Pac4eT okHa ByprMOCTM 1 ONTUMASIbHOM MAIOTHOCTU
BypoBoro pacteopa (SLUM) oia 3apaHHOM TpaekTopumn
CKB2XXMHbI (MTHOBEHHas! 1 OOITOBPEMEHHAs
CTabUbLHOCTD).

W
¥

i Py
7.

Among others, stability problems are to [Ref. 1]
1. Calculate the mud window and ideal mud density (ECD)
for a pre-set well trajectory (instant and long-term stability).

2. Calculate the deviation angle limit for target intervals and
for the given mud density.

We [ref. 26] have developed program models

to calculate, based on the built 1D geological-
geomechanical models, near-wellbore rock stress-
strength behavior (Kirsch’s analytical problem
[1;14;15]) for the set well trajectory. Then the average
normal pressure and shear stresses are used in the
rock strength model (Coulomb-Mohr, Coulomb-Mogi,
Hoek-Brown, etc.) [Ref. 16; 17]. As a result the well
wall behaviour can be predicted: stability or specific
failure (wall fracture, i.e. breakdown, or shear, i.e.
breakout, plastic blowout, etc.) [Ref. 1].

Fall pressure is determined by a failure index / strength
condition function. FI = f(a,) which is negative in stability
field and positive in shear field.

Wall stability frame is calculated: mud window on Fig.

1 which includes critical pressure gradients (effective
density when hydrostatic pressure is equal on a set
depth): fall gradient, flow gradient (pore pressure
gradient), kicks gradient (min. horizontal stress) and HF
gradient.

The base analytical solution of Kirsch’s problem is
correlated in the temperature and invasion stresses [1;15;
18]. This requires a mud-wall heat transfer model (mud
and rock thermophysical parameters, section geothermal
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Fig.1. Wellbore Stability and Mud Window Problem
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2. Pac4yeT npenenibHOro 3eHUTHOrO yrnia NpoxXoxxaeHs
LieNIeBbIX NHTEPBASIOB MPW 334aHHOM MI0THOCTU
OypOBOro pacTeopa.

Hamu [26] 6bina paspaboTaH Habop MPOorpaMMHbIX
MOLYIEN, KOTOPbIN HA OCHOBE MNOCTPOEHHbIX 1D reonoro-
reOMEexXaHNHYECKMX MOAEEN PACCUUTLIBAET HANPS>KEHHO-
nedopmmpoBaHHoe cocTosiHme (HOC) ropHbix mopos, B
OKOJTOCKBaXKMHHOM MPOCTPAHCTBE (aHaMTUYECKas 3aaada
Kupuia [1;14;15]), ons 3agaHHOM TPaeKkTopn CKBaXKMHbI.
3arteM, cpeaHee HOpMaslbHOE AaBEHVe U KacaTeslbHble
HaNPSPKEHNST NepeaaroTcst B MoAenb npoyHocTy (Mopa-
KynoHa, Moru-KynoHa, Jlage, Xyka-bpayHa 1 T.4.) FopHbIX
nopop [16;17]. B pesynbTare 4ero npeackasbiBasTcs
NOBEAEHVE CTEHKM CKBaXKMHbBI: CTabUIbHOE COCTOSHNE,
WM XKe paspyLUeHne onpeaeneHHoro poaa (paspbiBHoOe
HapyLUeHVie LIeSIOCTHOCTW CTeHkM — aBTo-I P, nnm
COBUrOBOE HapyLLEeHWE — BblBaU1 CTEHKM, NNACTUHECKOE
BbloasnvBaHvie 1 T.4.) [1].

[lnsa onpeneneHns 0aBneHns BbIBIOB CTPOUTCH (PYHKLLAS
VNHAEKCa pa3pyLUEHVS B 3aBUCUMOCTU OT KpUTEPNS
npoyHocTu: Fl = f(oij), KOTOpas oTpuLaTesisHa B 06,1aCTu
CTabUIbHOCTU U CTAHOBUTCH NMOSIOXKUTENBHOW B 06/1aCTU
COBUIOBOrO PaspeLUeHus.

B pesynbTaTe paccumTbIBatOTCS rpaHuLb
CTabUIBHOrO COCTOAHUS CTEHKU CKBEXKNH — OKHO

gradient, circulating fluid supply temperature) and reservoir
and colmation area invasion characteristics [Ref. 1]. From
full stresses we move to effective stresses only on the
skeleton according to the Biot law.

To determine if the material remains stable or fails, the
material’s ultimate limit state equation uses the resultant
effective stresses. GOST 21153.8-88 refers to an
experimental procedure for determining material limiting
surface. This is a so-called certificate of rock strength
that includes monoaxial tensile strength and monoaxial
ultimate compressive strength, cohesion and internal
angle of friction that fully characterizes the rock
strength properties.

The model covers both instant and long-term stability
attributes to changing rock strength properties due to
accumulated stress fractures [Ref. 1]. This fracturing
constants depend on the rock and circulating fluid [Ref. 1],
or UCS weakening-time relationship [Ref. 14].

It should also consider decrease in strength due to mud
loss into the near-wellbore [Ref. 2]. This require rheological
(viscosity, gel static shear stress), invasion (water loss)
properties, cation capacity and other physical and chemical
properties of the circulating fluid.

There are several techniques to determine HF pressure.
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BypUMOCTU n3obpaxkeHHoOe Ha Puc 1, BktovaroLlee
T.H. KDUTUYECKMNE TPaamMeHTbl AaBNEHN
(oththekTmBHAA NNOTHOCTL, OBECNeYMBatOLLAA PaBHOE
rMOPOCTATUYECKOE OAaBNEHVE Ha 3a0aHHOWN rNyOuHe):
rPaAVEHT BbIBASIOB, MpagmneHT NPOSBAEHUI (rpadneHT
MOPOBOro JAaBAEHNS), MTPaAMEHT NOrMOLLEHW

(MWH. rOPU30HTa/IbHOE HaNPsKeHWe) 1 rpaaneHT
rnaopopaspbiBa.

K 6a30BOMY aHa/IMTUHECKOMY PELLIEHWIO 3a0a4M
KupLua nenatoTes NonpaBky 3a CHET TEPMUYECKIUX U
DUNbTPALMOHHBIX HanpshxeHun [1;15; 18]. [nga atoro
HeoBX0aMMO pacnoiaratb MOAESbIO TenIoo0bMeHa
OypOBOro pacTBopa CO CTEHKOW CKBaXKMHbI
(Tennohuranyeckme napameTpbl BypOBOro pacTeopa n
FOPHbIX MOPO[, rEOTEPMaSTbHBIN MPAANEHT MO Pa3Pesy,
Temnepatypa MK Ha nogade), n hunbTpauyoHHbIe
XapaKTepUCTVKI NaacTa 1 30Hbl Konbmatauum [1]. Ot
MOJIHBIX HANPSKEHWA MEPEXOOST K SNIEKTUBHBIM,
OENCTBYIOLLIMM TOJSIbKO Ha CKENET COrfIacHO 3akoHy burio.

[NonydeHHble ahdPEKTVBHbIE HANPAXKEHUS
NoACTaBNSAOTCH Y PaBHEHVE NPEAESIbHOrO COCTOAHMA
mMartepuana, 4Tobbl ONpPefenTb COXPaHaeT MaTepuan
CTabunbHOCTb MK paspyulaetcs. CyllecTByeT
3KCNepUMeHTabHas NpoLeaypa onpeneneHns

BMa NpenensHon NoBEPXHOCTU MaTepuanos,
3adunkenpoBanHas B FOCT 21153.8-88, T.H. nacnopT
MPOYHOCTU, BKTFOHAIOLLMM Npeaen MPOYHOCTY Ha
O[HOOCEBOW Pas3pbIB 1 CXKaTue, KOreauto 1 yros
BHYTPEHHErrO TPEHWS, KOTOPbLIN Hanbonee NosiHoO
XapaKTepUsyeT NPOYHOCTHbIE CBOMCTBA MOPHbIX MOPOA.

Mopesnb No3BOJISIET paccMaTRNBaTb Kak MIHOBEHHYHO, Tak
N ASUTENBHYHO YCTONYMBOCTb, CBA3AHHYHO C N3MEHEH/EM
MPOYHOCTHBIX CBOWNCTB FOPHbIX MOPO4, BCEACTBNE
HaKOMNEHWS TRELLMH B HAMPsSPKEHHOM COCTOSIHIAM

[1]. s aTOro BBOOATCS SMMMPUHECKNE KOHCTaHTI
TPELUMHOODPa30BaHMS, 3aBUCSLLME OT BUAA MOPHbIX MOPOL,
n MK [1], ambo BBOAAT 3aBUCUMOCTb ocnabneHns UCS ot
Bpemenu [14].

L[onoNHNTENBHO YYNTLIBAETCS CHUXKEHME MPOYHOCTU

BO BPEMEHW BCNEACTBUE MPOHUKHOBEHMA (mibTpaTa
OypOBOro pacTBopa B OKOSIOCKBKVHHOE MPOCTPAHCTBO
[2]. Ons aToro HeobxoayMbl PEONOSIOrNYECKME (BA3KOCTb,
CHC), dunbTpaumnoHHble (MokasaTtenb BOA0OTAAYN),
EMKOCTb KaTlOHHOro 06bema 1 NpoUre prsmKo-
xXvmmdeckmne ceoncTaa MXK.

[ns onpeneneHns gaBneHrs rmapopaspbisa

NCMOMBb3YETCSA HECKOJSIbKO METOAVIK.

1. NpeaenbHoe TaHreHLyianbHoe HanpsbkeHve: o,=o, rag o,
- Npeden NPOYHOCTU Ha pa3pbIB. [1o3BoNgeT
onpeaenTb AaBNeHs MHULIMaLWN TPELLWHb! B
OIMDKHEN 30HE OT CTBOJIA CKBAXKMHbI.
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1. Tangential stress limit: 6, =0, where o, - ultimate tensile
strength. It is used to determine cracking initiating
pressure in the area nearest from the well.

2. The Eaton method and its variations where the minimum
horizontal stress is used. It is used to determine fracture
propagation in the area furthest from the well.
F=3ch-oH-Pp + op

F - HF pressure, Pp - pore pressure, op - ultimate tensile
strength, ok and oH - minimum and maximum horizontal
stresses.

The circulating fluid density depends on circulation
additives conditioned by suspended cuttings content and
overpressure required to force the circulating fluid into the
borehole annulus, i.e. equivalent circulating density (ECD).
The circulation additives calculations should be based

on the BHA, circulating fluid rheology (viscosity, gel static
shear stress, etc.) and flowrates [Ref. 1, 21]. It should be
noted, that the circulating fluid flowrate should consider
cuttings removal, so that the upward rate is higher than
cuttings settling rate [Ref. 1, 21]. In turn, the suspended
cuttings concentration is determined by the circulating fluid
/ penetration rate relationship.

It should specifically noted, that trip operations cause
additional hydraulic overloads resulting in wall collapse
or HF in the intervals that seem to be normal in terms

of stability with static or circulating condition of the
circulating fluid [Ref. 1, 21]. The calculation methods can
be found in the references [22, 23]. For this reason, the
problem is to calculate the tripwhen the wall stability is
maintained.

The stability model is correlated to achieve the best stability
window reflecting the issues with the mud density.

This requires the following data:

e Mud parameters and circulation/trip mode while drilling;

¢ Driling and cementing schedule (problems and
cementing monitoring station);

e Cuttings fractional analysis (collapse cuttings);

e Caliper/borehole geometry tool (washout intervals)
records;

e FMI readings interpretation (drilling-induced fractures and
slips);

e HF pumping analysis (initiation and fracture closing
pressure);

e Time plot (time span initial opening to logging);

e Problems summary (kick intervals, flows, jamming,
dragging, collapse, wellbore pressure rise);

Comparing the mud window with:

e Actual problems;
e Drops with a caliper and FMI;

www.rogtecmagazine.com
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2. Metop ToHa 1 ero Bapuaumm, UCrosb3yroLme ¢ Driling-induced fractures by FMI - HF pumping data for
MUHNMaSIbHOE FOPU30OHTaUTbHOE HaNPsSPKEHNE. the target reservoirs (HF pressure and frack closing).
Mo3BONSET ONpeaeTb AaBNEHMS MPOAO/KEHNS
TPELMHbI B AaSIbHEN 30HE OT CTBOJ1A CKBaKMHBDI. The stability model is used to find intervals of highest

interest and correlate 1D MEM, stress state and pore
F=3ch-oH-Pp+op pressure basing on the stability model sensitivity to the
F - naBneHve rmapopaspbIBa, Pp - NOPOBOE input parameters.
MapameTp Cnoco6 BoccTaHOBMEHUS
Parameter Restitution Technique
Vp 1 Vs (CKOpOCTb NPOoao/IbHOM 1 MONepeYHon BOSHbI) | Koppenauus ¢ BypoBOW MOPUCTOCTLIO
Vp and Vs (P-wave and S-wave velocity) Correlation to drilling porosity
PRD (koathduumeHT NyaccoHa AVHaMNYECKNI) BbluncrieHne yepes Vp 1 Vs
PRD (dynamic Poisson ratio) Calculating by Vp and Vs
YMD (moaynb KOHra guHamMmmn4eckimi) Bblumcnenve yepes Vp, Vs 1 MNOTHOCTb
YMD (dynamic Young modulus) Calculating by Vp, Vs and density
YMS Koppensums Morales-Marcinew 1993 vepes YMD
(Momynb KOHra ctatuyeckumn) (oTKanNMbpPOBaHO Ha KEPHOBbIE TOYKW)
YMS Correlation published by Morales-Marcinew 1993 by YMD
(static Young modulus) (calibrated to core data)
PRS YHunKanbHble 3aBncumocTt KEPH-TIC vepes YOO
(koathhurumeHT MNyaccoHa cTaTuyecKkni) (oTKaNMbpPOBaHO Ha KEPHOBbIE TOYKW)
PRS Unique relationships of core-log data by specific electrical
(static Poisson ratio) resistance (calibrated to core data)
ucCs Koppensums Moos 1999 n ee mogndrkaumm
(Mpenen NPOYHOCTK NPY OOHOOCHOM CXXaTui) (oTKanNMbpPOBaHO Ha KEPHOBbIE TOYKW)
Uucs Correlation published by Moos 1999 and its variations
(ultimate compressive strength, uniaxial) (calibrated to core data)
COH Koppenaums Lal 1999 uepes Vp 1 NNoTHOCTb
(koresus) (oTKaNMbpPOBaHO Ha KEPHOBbIE TOYKW)
COH Correlation published by Lal 1999 by Vp and density
(cohesion) (calibrated to core data)
FANG YcpeaHeHve koppenauuin Lal 1999 n Khasar 2009 yepes
(yron BHYTPEHHErO TPEHS) Vp (0TKaNIMBpOBaHO Ha KEPHOBbIE TOYKM)
FANG Correlation averaging published by Lal 1999 and Khasar
(internal angle of friction) 2009 by Vp (calibrated to core data)
TSTR (Mpegen NpoOYHOCTM MPY OOHOOCHOM pacTshkeHnY) | Bbiumcnenme yepes UCS n FANG
TSTR (tensile strength, uniaxial) Calculation by UCS and FANG
BIOT (koHcTaHTa Bburo) 1
BIOT (Biot constant) 1
[pagueHT ropHOro AaBneHns VIHTerpupoBanne NaIOTHOCTU
Rock pressure gradient Density integration
[pagueHT NopoBOro AaBAeHNS 1 r/cm® (coneBol 1 HaaconeBon KoMnnekesbl) 1 0.95 r/cm®
(o HKHEen YacTh paspesa — B10 n B13)
Pore pressure gradient 1g/cm? (salt and post-salt complexes) and 0.95g/cm?
(section bottom V10 and V13)
Mopnenb NMpoYHOCTU MoandhrupmpoBaHHbin Jlane (Ewy 1999)
Strength model Modified Lade (Ewy 1999)

Tabnuua 1: Cxema BOCCTaHOBNEHNSI MEXaHMYECKMX CBOVICTB  Table 1: Restitution of Mechanical Properties
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¢ AnpuopHbie F'MM u PYCC g nnnioTHOro cTeona;
¢ PekomeHpaumu no non6opy 6ypoBoro pactsopa u
MDOEKTUDOBAHMNE TEXHOJIOrN4ecknX NapameTpos.
P P ¢ Priory Geomechanical Model (GMM) and Wellbore
CEEVOE Stabilty (WBS) of a pilot well;
Well Design A » Recommendations for selecting mud and process

yauT
Wation parameters

BypeHue n
reochmanyeckue
nccriegoBaHUs
Drilling and * AHaJIM3 OCJIOXKHEHWUI NMpu GypeHnu;
Geophysical Survey * YtouHeHne MM n PYC no FUC (LWD)
nlrTuy;
¢ AnpropHast mogenb PYCC pns
rOPU30HTAJILHOIO CTBONA;
¢ NtoroBast mogesib MM u PYCC no
rOPU30HTY;
e AHanm3 nop6opa BP.
¢ Analysis of drilling associated problems;

OKcnnyartaums v
CTUMYNALNS
Operation and

Stimulation

NHdpopmaums o

reosiornyeckom
CTpoeHUN

Geological Structure

4 AY
: OcBoeHuE U : O6canka \: e Correlation Qf GMM, WBS basing
! UcnbITaHWA ! LemeHTUpoBaHne [H on geophysmal survey (+LWD) and
I Development : Casing and : geptechmcal survey :
: P : | 9 i | ¢ Priory WBS model for horizontal well;
X and Testing ) Cementing ) * Final horizontal GMM and WBS;
® Analysis of mud design
¢ AHanMs meTopos e 'MM onsa sbibopa peonioruu
CTUMYNALMN NPUTOKA; TaMnoHaXKHOM XXNAKOCTU
e Pacuyet mogysnm Pl e GMM to design slurry rheology
¢ Analysis of inflow stimulation
techniques;
¢ HF modeling

Puic.2. 2KU3HEHHbIN LMK CKBEXKMHbI C YKa3aHeM NMpobieM, pelliaeMblX ¢ MOMOLLbHO FEOMEXaHUYECKOrO MOOEIMPOBaHMIS
Fig.2. Well Life Cycle and Problems Solved by Geomechanical Modeling

Puic.3. MNocTpoeHre 3D CeKTOpHOM MOAes N NAoLLaOn OypeHUs CKBXKUHbBI Y MEPEHOC MEXAHUYECKIX CBOVCTB U HAMPSXKEHNI
Ha TPAEKTOPWO CKBaXKMHI

Fig.3. Drilling Area 3D Sector-Model and MEM and Stressed State to Well Trajectory
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Puc.4. MnaHwet PYCC nnnoTHOMO CTBOMA CKBEXKMHbI
(OcnoxxHerws: P - ckadok gaBnerust; D - 3aTskku, L -
nageHne MoMeHTa).

Fig.4. Pilot Well Wellbore Stabilty (WBS) Graphics
(Problems: P - pressure rise, D - jamming, L - torque drop)

naBsnenHve, op - npegesn npo4YHOCTN Ha Pa3pbiB, chw
oH - MVHUMaNBbHOE 1 MaKCUMasIbHOE rOpPU30OHTaSIbHbIE
Hanps>KeHs.

[Mpw BbIGope NAOTHOCTK MK HEOOXOAMMO YYNTLIBATL
LUMPKYISLMOHHbIE 06aBKK, 06YCNIOBNEHHbIE
Ha/IM4MeM B3BELLEHHOIO LWiaMa 1 M36bITOYHOIrO
OaBneHus, HeobxoauMoro a9 npogasavBaHng MK
Mo 3aKOJIOHHOMY MPOCTPAHCTBY, T.H. 3KBUBaJIEHTHAA
LIMPKYASUMOHHAA NaoTHOCTL (BUMT). Ons pacyeTta
LIMPKYISLMOHHBIX 406aBOK HEODOXOANMO 3HaHME
KOMMOHOBKM HM3a BypoBOW KoA0oHHbI (KHBK),
peoniornyeckme napameTpbl MK (BsskocTb, CHC, u
T.4.), pacxoq MK [1, 21]. CTonT OTMETUTbL, YTO Pacxom,
MK BbIBNPaETCS 13 COOBPAKEHNIN OUNCTKI 3a00s1 OT
wama, T.e. 4TOobbl BOCXOSLLAA CKOPOCTb LIMPKYSUMA
npeBbilLana CKOPOCTb OCaXKAEHMS YacTuL, Wwnama [1,
21]. B cBOIO o4epenb KOHLEHTPaLMS B3BELIEHHOMO
Lw1ama onpenenseTca COOTHOLEHNEM pacxona

www.rogtecmagazine.com
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Puc.5. MnaHweTt PYCC ropnsoHTanbHOro CTeoMa NEPER,
Ha4as1IoM BypeHus

Fig.5. Pre-Drill Horizontal Well Wellbore Stabilty (WBS)
Graphics

Results

The geomechanical support target was a horizontal well

at a Chon Group field (Nep-Butob Anticlise). A pilot (DDW)
was drilled followed by cutoff on the casing shoe. The
target horizon was the V13 reservoir (Nep Suite) comprising
quartz-feldspathic fine to medium and coarse (even gravel)
sands. 1,630 to 1,650m depth, 15 MPa initial reservoir
pressure, oil-saturated. The well design: 393.7mm course,
295.3mm casing, 219.17mm pilot, 219.1mm production
casing, and 152.4mm production liner. The course was
drilled with 1.14 g/cm? polymer-clay slurry, and subsequent
sections were drilled with 1.00 — 1.25 g/cm?3 OBM.

The geomechanical support included the following

modeling stages:

1. Pre-drill modeling of mechanics, stresses, pore pressure
and wellbore stability calculation (WBS) of the pilot and
horizontal wells. 3D sector-modeling of the borehole
basing on the 3D geological model of the field. Carrying
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MPOMBIBOYHOM XKUAOKOCTY VI MEXAHUYECKOM
CKOPOCTbLIO BypeHus.

Ocobo CTOUTb OTMETUTL, YTO MPW CMYCKO-MOOBEMHbBIX
onepaumsx (CMNO) BO3HMKAKT AONOAHUTENBHBIE
rMOpaBINYecKue Neperpyski, KOTopble MOryT Bbl3BaTb
0bBasbl UM MMAPOPa3PbIBbl CTEHOK CKBaXKMHbI B TEX
NHTepBasiax, KOTopble BbIrNSAAT 6,1arononyyHbIMm

C TOYKW 3peHUs CTabUIbHOCTY NpY CTaTUKE UK
umpkynauumn MK [1, 21]. MeToamkm pacyeTa MOXXHO
HanTn B nutepaTtype [22, 23]. Takm 06pasom,
aKTyasnbHOWM SBASETCH 3adadva O pacyeTe NpeaesibHbIX
ckopocTen ClNO, npn KOTOPbIX COXpaHAETCS
CTabUSIbHOE COCTOSIHUE CTEHKM CKBaXKMHDI.

HacTpolika Mogenm yCToMYMBOCTY OCYLLECTBIAETCS
07191 AOCTUXKEHVIS HAUITYyYLLIEro COOTBETCTBMSI OKHa
CTabnNBLHOCTU C (hakTN4eckn HabtogaeMbIMm
OCTIOXKHEHUAMM MPU U3BECTHOW NIOTHOCTY BypOBOro
pacTeopa.

[nsa 3Toro HeobXoAVMbI CeayroLLmMe OaHHbIE:

e [lapameTpbl BypPOBOro pacTeopa 1 PEXNMOM
umpkynaumn/CNo npn GypeHnm;

e >KypHasibl BYPEHUS U LEMEHTUPOBAHMS (OCTTOXKHEHNS
n CKLL);

e DpakUMOHHbI aHaM3 L1aMa (MosSBEHNE 0OBa/IbHOrO
Lunamay;

e 3anucb kaBepHomMepa/npoduiemepa (MHTeEpBaSIbI
KaBepHO0bpa30BaHVS);

e VHTepnpeTaumsa FMI (TeXHOreHHble TPELLMHbI 1
BbIBa/Tbl);

e AHanma 3akadku npuv Pl (oaBneHve nHiupmaumm mn
3aKPbITUS TRELLIVHDI);

e PelcorpamMmma (Bpems OT NEPBUYHOIO BCKPbITUSA A0
nccnegoBaHus);

e (CBOA OCIOXHEHUN (MHTepBasTbl noraoweHun, MHBIM,
nocafoK, 3aTshKek, OOPYLLEHWIA, POCT AaBAEHMS Ha
3aboe);

ConocTaBneHne okHa ByprMOCTU C:

®  (HaKTUHECKNMM OAHHBIMM OCTIOMKHEHWI;

e BbiBaUIaMu Mo kaBepHomepy 1 FMI;

® TEeXHOreHHbIMM TpeLLyHaMu FMI - gaHHbIMKY 3aKayKn
[Pl no uenesbIM NacTam (OaBfeHvie paspbiea U
3aKpPbITUS TRELLWHDI);

Ha ocHOBaHWMM aHamM3a Mofe v yCTOMHMBOCTY BbISBAIAOT
NHTEPBasTbl MOBLILLEHHOMO MHTEpEeca 1 (hOPMUPYIOT
cTpaternto yTouHeHus 1D MMC, HOC v nopoBoro
OaBNeHVs C YH4ETOM aHaM3a YyBCTBUTENBHOCTU MOOEM
YCTOMYMBOCTI KO BXOOHBIM MapameTpam.

PesynbTtatbl

O6bEKTOM rEOMEXAHNYECKOIO COMPOBOXKAEHMS
Oblna BbibpaHa ropruaoHTasIbHasA CKBaXKMHA Ha OOHOM
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over 3D mechanics and stresses to the well trajectories.

2. Real time monitoring of the MEM, the stresses, pore
pressure and WBS of the pilot well based on the mud
logging and the LWD data. The model is updated by
frames (single 30m pipe stand run) due to
communication between the drilling site to the
modeling department.

3. Finalizing the MEM, stresses, pore pressure and WBS
of the a pilot and correlation of the pre-drill horizontal well
model.

4. Real time monitoring of the MEM, the stresses, pore
pressure and WBS of the horizontal well based on the
mud logging and LWD data.

The mud logging data is used to calculate the equivalent
LWD porosity by the standardized penetration rate and
discharge pressure under a bit. The resultant porosity can
be used to design almost any petrophysical properties,
however, since there is only one parameter, high inter-
correlation of the properties and low changeability of the
section are expected. This problem is addressed in the
article [ref. 26].

The LWD package comprised full-range logging set except
for an acoustic set: gamma-ray logging, neutron logging,
multi-probe induction logging.

The main problem faced during drilling was a 45m unstable
argillite formation at 1600m elevation.

Other problems associated with geomechanics:

1. Periodic deviation from the plan trajectory while
horizontal drilling due to
Contrast range of lateral mechanics;

Early bit wear;
Non-uniform tool advance;

. High wear of bit and BHA due to
High rock abrasiveness;

Tool unfitness to section properties;
Contrast range of lateral mechanics;
Non-uniform tool advance or vibration;

. Lost circulation while horizontal well reaming due to
Pumping overpressure while reaming (ECD in wellbore);
Weak mechanical areas;

Irregular wellbore shape.

e N e o

e o o (0D e o o

Conclusion

The article addresses the geomechanical support for
drilling, pre-drill MEM, stresses and pore pressures and
wellbore stability, and their step-by-step incorporation
of the mud logging and LWD data. The geomechanical
support was targeted at a horizontal well. When the
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DRILLING

N3 MECTOPOXXAEHWIM YOHCKOW Ipynmbl (HEMCKO-
OoTyobnHCKas aHTekM3a). bypeHne BbINOMHANOCH C
npoknagkon nunotHoro cteona (HHC), ¢ nocnenytoulen
Cpes3kou Ha balumMake koHaykTopa. Llenesbim
rOPU30HTOM bbi1 MiacT B13 (Henckada ceuTa),
CIIOXXEHHbIV KBAPLIEBO-MOSIEBOLLNATHBIMU NECHaHVKN

OT MEJIKO3EPHUCTbIX A0 CpeaHe- N KPYNHO3EPHUCTbLIX
(BNNOTL MO rpaBeNnTUCTbIX). [[NyOuHbI 3aneraHms 1630 —
1650 M No BepTUKaIn, Ha4YasibHble MN1aCTOBbIE AaB/IEHNA
15 Mla, HacbllweHWe — HePTb. KOHCTPYKLMS CKBaXKHbI
BKJIKOYaUsia HanpasneHve 393.7 MM, KOHOyKTop 295.3
MM, MUIOTHBIM CTBO 219.1 MM, aKcnayaTauyoHHYHO
KOJIOHHY 219.1 MM, 1 3KCMIyaTaLMOHHbBIM XBOCTOBMK
152.4 MM. HanpaBneHue Bypunock Ha NONMMEPHO-
FIVHUCTOM PacTBoOpe C MIOTHOCThIO 1.14 r/cmd, a

BCE nmocneayoLlme cekumm — Ha PYO ¢ nnOTHOCTLIO B
nonanasone 1.00 — 1.25 r/cm®.

eoMEXaHNYECKOe COMPOBOXAESHME BKIIOHATO
creaytoLLme aTarbl MocTPOeHVS Moaeei:

1. TocTpoeHne NpeadypoBbIX MOAENEN MEXAHNHECKIX
CBOWCTB, Hanps>XeHuin, NopoBbIX AasneHun n PYCC
MUAOTHOMO 1 FOPU3OHTASIbHONO CTBOJIOB. [OCTpOEHE
3D ceKTopHOM MOoAenm nnoLwaan 6ypeHnst CKBaXKUHbI
Ha ocHoBe 3D reos10rM4ecKomn Mogem
MeCTOPOXOEHUS. [1epeHOC MeXaHNHYECKX CBOCTB 1
HanpspkeHnn 13 3D MOaenn Ha TPAEKTOPUM CKBAXKUH.

2. ConpoBOXXAeHME MOOEN MEXaHNHECKX CBOWCTB,
HanpsPKeHWN, NopoBbIX AasneHnn n PYCC nnnoTHoro
CTBOJ1a B MpoLiecce BypeHns C UCrob3oBaHne
JaHHbIX [T 1 LWD. ObHoBReHve Moaenmv BegeTcd
Kagpamm (MpoxoaKa oaHoM «cee4r» o 30 M), 4To
0ByCNOBMEHO NepeaaYen AaHHbIX OT OypPOBOV A0
oTaena MoaeMpoBaHs.

3. ®GuHaM3aumsa MoOENM MEXaHNHECKIX CBOCTB,
HanpPsPKeHWM, NOPOoBbLIX AasneHun n PYCC
MUAOTHOMO CTBOMA W YTOYHEHME MPeadypOBON MOAENM
FOPU3OHT/TBHOIO CTBOS1A.

4. ConpoBOXAEHME MOOEIN MEXAHNHECKMX
CBOWCTB, HarnpspKeHWin, MopoBbIX gasneHnn n PYCC
FOPU30HTaTBHOMO CTBOJ1A B MPOLIECCE BYypeEHMs C
1Cnob3oBaHMe gaHHbIX [T n LWD.

Mo gaHHbIM [TV BbIMMCISETCS SKBUBANIEHTHASA
BypoBasi MOPUCTOCTb, A/151 STOMO NUCMONBb3YeTCs
HOpPManM3oBaHHas CKOPOCTb MPOXOAKM M AaBneHue
HarHeTaHVs NoA, A00TOM. [PUMEHSSt MOJTYYEHHYHO
MOPUCTOCTb, MOXHO BbIYNCIUTL MPAKTUYECKN
Ntobble NETPODUINYECKNE CBONCTBA, OJHAKO
MOCKObKY NapamMeTp BCero oavH, 6yaeT BbicoKas
B3alMHas CKOPPENMPOBAHHOCTb CBOMCTB U HU3Kas
BapmnabenbHOCTb NO paspesy. [JaHHas npobnema
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production string was drilled, the main problem faced
was a 45m unstable argillite formation at 1600m
elevation (V13 top). The formation was penetrated by
1.25g/cm?® mud.

The post-drill analysis of the horizontal drilling revealed
problems attributable to geomechanics, periodical deviations
from the plan trajectory and high tool wear while horizontal
drilling due to contrast range of lateral mechanicals.
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paccMoTpeHa B paboTe [26]

Komnnekc LWD Bktodan B cebsi MpakTUYeCKM NOJIHbIN
PAaCLUNPEHHBIV KOMMIEKC KapOoTarka, 3a UCK/TIIOHEHNEM
akyctunyeckoro: 'K, HHKT, agumytanetHein [TKn,
MHOro3oH40BbIN VK.

OcCHOBHY NPOBAEMY MPK ByPEHNM SKCMyaTaLMOHHON
KOJTIOHHbI MPEACTaBAsNa NaYka HEYCTONYMBBIX aprIUTOB
MOLLHOCTBO 45 M Ha oTMeTKka 1600 M Mo BepTUKasIN.

Tarke cneayet oTMETUTL NPOGIEMBI, 0BYCIOBNEHHbIE

rEOMEXaHNKOW, BKITKOHaS

1. MNeprogmyecknin oTxoq, OT NIAHOBOW TPAEKTOPWM MK
OYPEHNN FOPU3OHTA/IBHOrO CTBOA BCIEACTBME

e KOHTpacTa MexaHUYECKIX CBOMCTB MO Slatepai;

e [lpexxaeBpemMeHHOro M3HOC 00J10Ta;

® HepaBHOMEPHOW NOAAYM UHCTPYMEHTA.

2. [NoBbILLEHHBIN M3HOC O0NOTLEB U 3nieMeHToB KHBK
BCNeAcTBMe

e [loBblLLIEHHbIX abpa3nBHbIX CBOMCTB NOPOL;
HecooTBETCTBMS MPUMEHSIEMOrO MHCTPYMEHTA

® XapaKTepUCTVKaM paspesa;

e KOHTpacTa MexaHN4YeCKMX CBOWCTB MO farepany;

e HepaBHOMEPHOM NoJa4u 1 BUBpaLIMIA MHCTPYMEHTA.

3. MornotLgHnst Mpy NpopaboTKe rOPU30HTaSIbHOMO
CTBO/Ma BCeACTBME

e [IpeBbILLEHVS AABMEHNS HArHETaHWS MpY NpopaboTke
(BUIN B CcTBOME CKBaXKMHbI);

e Hanmums ocnabneHHbIX MEXaHNYECKIMX 30H;

e CnoXHow hopma CTBOMa CKBaXKWHbI.

3akntoueHue

B cTatbe paccMOTpeHbI METOONYECKNE aCMNEKTbI
FEOMEXAHMYECKOro COMPOBOXAEHUS BypeHns
CKBaYKMHbI, BKJTIOYAsA MOCTPOEHME NpeabypoBbIX
MOJEeNen MeXaHNYECKMX CBOVCTB, HaMPsXXeHU 1
NOPOBbIX OABMEHUI, a TAKXE YCTONYMBOCTM CTBOMA
CKBaXKMHbI, 1 VX NOLLIAroBoe OO6HOBNEHME MO AAHHbIM
komnnekca ' n LWD B npouecce byperHus. O6bekToM
reoMexaHM4ecKoro ConpoBOXXAEHUS Obla BeibpaHa
rOPU30OHTasIbHasA CKBaxKMHA. OCHOBHYIO NPoBeMy npu
OypeHMM BKCNNyaTaLUMOHHOWN KOJTOHHbLI MPEeacTaBnana
nayka HeyCTOM4MBBIX apr/IIMTOB MOLHOCTBIO 45 M
Ha oTMeTke 1600 M no BepTukanm (kposns B13), ons
NPOXOXOEHNA KOTOPOW BbINO NPpUHATA NNOTHOCTb
byposoro pacTteopa 1.25 r/cm®.

MocTbypoBOM aHann3 BypeHNs roPU30OHTaIbHOIO
CTBOJ1a BbIABUN Psf, NPOBIeEM, CBA3aHHbIX C
reoOMexXaHuKOW, BKNOYas Nepuoanyecknin 0Txomq,

OT NJIAaHOBOW TPAEKTOPUM U MOBbILIEHHbIN N3HOC
NHCTPYMEHTA Npu BypPEeHNM rOPU30OHTaIbHOrO CTBOA
BCNEACTBWE BbICOKOrO KOHTPACTa MEXaHUHYECKINX
CBOWCTB MO narepanu.
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