B BYPEHVE

NMpepncTtaBnsem Geosteer Well On Paper™

HOBbIU BaXXHbIN 3Tan CTPOUTESIbCTBA CKBaXKUH
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Introducing Geosteer Well On Paper™
A New Important Step in the Well Delivery Process

How the Planning Phase can Foreshadow Geosteering Failure

MeTp Mp3bibbino

ycnex NoBOro Npouecca reoCTMpUHra onpeaenseTcs
Ha aTane nnaHMpoBaHns. HacToslas craTbs
npeacTaBngeT Hanbonee BaXKHble acneKThbl
NA2HMPOBAHVA CKBaXKMH, KOTOPbIE HANMPSMYIO BIUSKOT
Ha 3hhEKTUBHOCTb 1 peHTabeNbHOCTb NpoLecca
reocTUpuHra Npu 6ypenHnn. 3T KpUTUHECKME
BOMPOCHI, KOTOPbIE YaCTO HE 3aMedatoT Ui BOOOLLE
HE YYnTbIBAIOT MPW MIIaHNPOBaHWM, OKa3bIBAIOT
CyLLIECTBEHHOE BO3OENCTBME Ha NMPOLLECC, MOCKOSbKY
X OTPULATENBHOE BANSIHWME BO BPeMsi OypeHNst HENb3s
YMEHBLLIUTb UK 06paTnTb BCASTb. [10STOMY, eC/n nx
HE y4nTbIBaTb HA CTaAUM MIIaHNPOBaHWS, OHU ODPEKYT
CKBaXKVHY Ha aBapUMHYIO CUTyaumio eLle 0o Hadana
npoLecca reoctvpuHra. Ctatbs NpegnaraeT BBeAeHVE
HOBOIO BaXKHOIO 3Tara B NPOLECC CTPOUTESLCTBA
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Piotr Przybylo

he success of any geosteering process is determined

at the planning stage. This article will present the most
crucial aspects of well planning which directly impact the
effectiveness and efficiency of the geosteering process
while drilling. These critical matters, often overlooked or
omitted during planning, have a significant effect on the
process as their negative impact cannot be mitigated or
reversed while drilling. Thus, if not taken into account
during the planning stage, they will condemn the well
to failure before the geosteering process has even
commenced. The article proposes an introduction of
a new crucial step in the well delivery process, a
Geosteer Well On Paper™ (GWOP) exercise during
which all the required steering activity’s due diligence
should take place.
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DRILLING

CKBaXKVH — mpoBeneHne Geosteer Well On Paper™ -
reoCTUpUHra ckBaxkmHbl Ha ymare (TCHB), Bo Bpems
KOTOPOro AOS/HKEH MPOBOAUTLCS KOMIMIEKCHbBI aHau3
BCEX MEPOMPUATUIA, TPEBYEMBIX MPY COMPOBOXXAEHNM
CKBaXXVHBI.

FeoCTMPUHI rOPU3OHTaJIbHbIX CKBAaXKUH

Mpr 06bIYHOM HAKJTOHHOM BYPEHUM TPAEKTOPKWSA CTBONA
CKB2XXWHbI HANPaB/SETCS B COOTBETCTBUM C 3apaHee
YCTaHOBJIEHHBLIM FEOMETPUHECKMM MNaHOM, KOTOPbIN
ONPenensaeTcst XECTKUMN rpaHnuamm mogenn. Lienb
OBbIYHOW CKBaXKMHbI COCTOUT MPOCTO B Kak MOXHO
Bonee BN3KOM CNEAOBAHNN JIMHUN. [[€0CTUPUHI —
3TO OTCTYMJ/IEHME OT STOr0 NMOPSiAKa, MOCKOSIbKY OH
BKJTKOYAET UCMOMb30BaHMe NOTOKOBYH PErNCTRALIO
OaHHbIX 0 6ypeHnn (PLB) B peanbHOM BpeMeHn.
[(NaBHas Leflb re0CTUPMHIA 3aKioHaeTcs B Hambosiee
ONTUMa/IbHOM BO3AENCTBUM Ha MIacT NyTEM COKPaLLEHNS
HENPOU3BOAUTENbHbIX MHTEPBASIOB.

B npoT1BONONOXHOCTb 0BbI4HBIM CKBaDKMHAM,
HanpaB/ieHNe CTBOJ1a CKBaXKMHbI C MOMOLLIbO
reoCTUPUHIra MOCTOSHHO OLIEHMBAETCS Y KOPPEKTUPYETCA
B npoLiecce byperust. Tak Kak TOYHYIO TPaeKTOPUIO
CKBaXXVHbI HENb3s MOATBEPAMTL Ha CTaaum
NAaHNPOBAaHNS, FTEOCTUPUHI CNY>XKUT CBOEro poaa
HenpeaBMAEHHbIM OBCTOSATEILCTBOM A1 BCEX
HeonpeaeeHHOCTEN 1 BOSMOXXHbIX OTKJIOHEHWI OT
nnaHa, C KOTOPbIMU CKBaXKMHA MOXKET CTOJSIKHYTHCS BO
Bpems byperus (Puric. 1)

MnaHnpoBaHue ropn3oHTaSIbHbIX CKBaXKUH
Ycnex noboro npoLecca reocTuprHra 6epeT Hadano

OT MNepBOro CTaauy NaHNPOBaHVS. SKCMyaTaLoHHbIe
rpynnbl AO/MKHbI ObITb 60N1e€ MHPOPMUPOBAHLI O
hakTopax, KOTOPble HAMPSAMYK BO3OENCTBYOT Ha
MPOLIECC rEOCTUPUHIa. ST hakTopbl, ECAN HA HUX

He obpallaTb BHUMaHWe Un NyCTUTb X Ha CaMOTEK,
MOTYT MPUBECTU K TOMY, YTO LS reoCTUpUHra He ByayT
OOCTUrHYTbI. CaMbIMM BaXKHBbIMM BOMPOCaMK, Ha KOTOPbIE
criedyeT corfiacoBath nepen dypeHreMm, SBASOTCS
cnepytouime:

e [Nopsiook paboTbl 3ab60ONHOrO B/10Ka U CTabuM3aTopoB

e [lopanok NiaHNPOBaHUS PACCTOSHNS MeX Oy
CKBaXKVHaMIW B YCIOBUSAX LNCMOS1b3YEeMO
VHKJIMHOMETPUM

e OcBegOMNEHHOCTb 006 UMEIOLLXCS
HeonpeneneHHOCTAX OTHOCUTESBHO Lienn BypeHns

e OnpepgeneHuve Lenen 1 nx pacnpeneneHe Bosb
TPaeKTopUM CTBOMA CKBAXKWHbI

o OrpaHl/MeHl/lﬂ, CBA3aHHble C MHTEHCMBHOCTbIO
OTKJIOHEHWS!

e O6LLMe BENMNYMHBI YINIOB BOCCTaHMSA NMNaHUPyeMOoW
TpaexkTopum
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Geosteering Horizontal Wells

In conventional deviated drilling, the well path is steered
according to a predetermined geometrical plan defined
by rigid boundaries of the model. The objective of a
conventional well is simply to follow the line as closely as
possible. Geosteering is a departure from this convention
as it involves the use of real time streaming of logging
while drilling data (LWD) to help placing a horizontal
wellbore in the most optimal position. The main objective
of geosteering is the most optimal reservoir exposure by
minimizing non-productive intervals.

Contrary to conventional wells, the targets of a geosteered
wellbore are continuously evaluated and modified while
drilling. Since the exact trajectory of the well cannot

be verified at the planning stage, geosteering acts as

a contingency for all the uncertainties and possible
deviations from the plan which the well might encounter
during drilling (Fig. 1).

uenb BT i 5 b ok s e i e _._
target T e e e e 30 cpyTos
30 feet

! PEAJIbHOCTb
1 REALITY

55 cpbyToB
55 feet

Puc. 1: YnpoLueHHbIM NprMep cpaBHeEHWS NiaHa nepesn OypeHnem
CO Ciy4aeM nocne BypeHVst 1 NperMyLLEeCTBa reoCTUPUHIA, Npuv
KOTOPOM HanpasieHe BypeHnst MOCTOSIHHO MEPEONPEnenseTcs

1 nameHsietcst. Obpartute BHUMaHME Ha HECOOTBETCTBME

MexXay 3an1aHMPOBaHHOWM 1 peasibHOM TOMLLMHONM niacTa BOOb
BCEro CEeYeHV FOPU30HTaIbHOW CKBavKMHbI (CEYEHNS MnacTa).
XOTH UCTUHHO cTpaTturpaduryeckas ToLwpmHa e OCcTaeTcs
HEeN3MeHHOW, COPOCO0BPa30BaHNE CO30AET OTHOCUTESBHYIO
Bonee TONCTYIO LieNb, B KOTOPOW A0/MKHA ObiThb pasMelLieHa
CKB2XXMHaA.

Fig 1: Simplified example of pre-drill plan versus post-drill case and
the advantage of geosteering where drilling direction is constantly
re-evaluated and modified. Note the planned versus real-life
discrepancy of the reservoir thickness across the entire horizontal
well section (reservoir section). Although the true stratigraphical
thickness of the target remained unchanged, the faulting created a
relative thicker target within which the well must be placed.

Planning of Horizontal Wells

The success of any geosteering process commences on
the first day of the planning stage. The operational teams
need to have an increased level of awareness in relation
to the factors that will directly impact the geosteering
process. These factors, if undecided or left to chance,
may result in failure to meet the geosteering objectives.
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B GYPEHVE

KomnnekT HXHen 6ypuiibHOW KOJIOHHbI

Tun poTopHon ynpasnsemon cuctemsl (PYC) Banset
Ha 9PPEKTNBHOCTL COMPOBOXXAEHNS 1 ONPENenSeT TO,
HACKO/MbKO BbICTPO MOXHO AOCTUrHYTb HY>XHOIO yrnia
HakoHa ckBavkMHbl. ObblibHO B PYC npuMeHsitoTes
OBa NpUHLMNa CoNpPOBOXAEHMS HaNpaBIeHHOrO
OypeHns: ¢ HanpaB/ieHneM 0010Ta 1 C OTKJIOHEHNEM
ponota. B 0bLyx YepTax, PYC ¢ HanpaBieHvewMm,
B0 C OTKIIOHEHWEM [0/10Ta MO3BONSET AOCTUMHYTh
MaKCUMaUTbHOMO yrjia BOCCTaHUs MpUMepHO 6-8
rpanycos Ha 100 dyToB NMpu AnamMeTpe gosioTta
nHCcTpyMeHTa KHBK 82 mronma (Sugiura et al., 2014)
1, BEPOSTHO, 06a BapuraHTa ¢ 0MHaAKOBOW CTEMNEHBIO
NPUMEHVMbI ONS Fe0CTUPUHIa.

[Mpu 3TOM BaXKHENLLEN XapaKTEPUCTUKON 0BENX
CUCTEM SBAISIETCH HYBCTBUTESIbHOCTb K MEXAHUHYECKM
CBOVICTBaM re0/I0rM4eCcKom CTPYKTYpbl. B ciyyae
CUCTEMbI C OTK/TOHEHEM A0/10Ta TpeboBaHVE
drkcaLmm NPOTUBOMOJSIOXKHOM CTOPOHbI CKBaXKMHbI

01159 UISMEHEHWS TPAEKTOPUN CO30aET HEOOXOAMMOCTb
BbIAEP>KMBaHMS HOMUHAIBHOMO AMAaMETPa NPy TakoM
OencTBnn. BbIMOWHbBI B CTBOJIE M HEPOBHOCTU CTEHOK
CKBaXXMHbI MOIYT OKa3aTb OTpuLaTENIbHOE BO3OENCTBME
Ha BblAEP>KVBaHW HANPaB/IEHNS 3TUMMK CUCTEMaMMU.
3abyprBaHre 6BOKOBOrO CTBOIA CYLLECTBYHOLLIEN
CKBaXXVMHbI TaK »X& MOXET ObITb NPOBEMaTUYHBIM A5
CUCTEMBI C OTKJIOHEHNEM [0J10Ta, MOTOMY YTO HallMaK
HEe MOXXET COMpUKacaTbCs CO CTEHKOM CKBaXKMHbI 13-
3a pacLUMPEHVst CTBOJ1A, KOTOPOE MPOVCXOANT B TOUKE
OTKJTOHEHMSI CKBaXKWHbI OT BepTukan. [oaToMy cuctemy
C OTKJIOHEHMEM J0/10Ta HE CredyeT BblovpaTs O/1d
OypPEHNS MATKIX, NIEMKO BbIMbIBAEMbIX MOPOA, (PVC. 2).

CoOTBETCTBEHHO BbIOOP cucTeMbl PYC gomkeH
OCHOBbIBaTBLCS Ha TUME NOPOAbl, KOTOPYK HEOOBXOOMMO
OypuTb. OTHOCUTENBHO TBEPAbIE NOPOOb! TPEOYIOT
npumeHeHns PYC He Takom, Kak B C/lydae MArkimx
nopof,. ns ontMn3aumm NpoBOOKM HanpaBIeHVs
CKBaXXVHbI C1CTEMA C HanpaB/ieHNEM [010Ta OKaXKETCS
Hanboee ahEKTMBHOM B MAMKMX Nopoaax, Toraa
Kak nNpvK1MaroLLas cuna (Cructema ¢ OTKIIOHEHMEM
[0N0Ta) AacT Nydlume pe3ynbTaTbl B TBEPAbIX MOPOAAX
(Griffiths, 2009). 3Ty xapakTepuUcTUKy cnemyet
TLWaTeNbHO onpenensaTb Ha OCHOBE TuMa NOPOLb|,
KOTOPYIO NPeacTOUT BYypUTb, MOCKOSIbKY OHa OKaXKET
CYLLIECTBEHHOE BO3OENCTBUE HA XOf rEOCTUPVHIA U
CMOXXET BOCMPENATCTBOBATb JOCTVIKEHNIO HY>KHOW
TpaeKTopun.

Mopsapnok paboTbl cTabunn3aTtopos

KomnaekT HKHE BypunbHOW KoMoHHbI (KHBK) BMecTe
Co cTabunmaatopamm 1 BypunbHbIMU TPyBamMK, KOTOPRbIN
OyOeT MCnonb30BaThCs O/1s BypeHUs, MPOEKTUPYETCA
Ha CTagnn niaaHMpOoBaHNA. OHu nomoraroT HanpaB4aTb
OON0TO M UMPatoT BaXKHYIO POJTb B HAKITOHHOM BYpeHun,
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Hesnerko
not easy

o

nerkoa
easy

Puc. 2: [1ns cnctem ¢ OTKIOHEHVEM A0M0Ta NPOXOAKa

TBEpPObIX COEB, pacnonoXxeHHbIx Hag KHBK, MoXeT ctatb
npobeMaTNYHON 13-3a CUSbl TSHPKECTU. TakM 06pa3oM, MaHeBpP
c BypeHneM BH3 Yepes TBePAbIN cion bonee ahdekTnBeH. Ecnn
HeobX0aMMO BypeHMe Yepes TBEPAbIV CMON, PACTONOXKEHHbBIN
BblLLIE, PEKOMEHOYETCS N3MEHUTL Yron BBOAA (Yron ataku).
[MoBbILLEHWE OCEBOW HArPy3KW Ha AOMO0TO HEAOMYCTUMO. ECTb
Opyr1e BapuaHTbl YCNeLwHoro NnpobreBaHiis TBEpAOro Crosi C
MOMOLLIbKO CUCTEMbI C OTKJTOHEHWS A010Ta:

e KpaTkoBpemeHHasi MonbiTka Mea/1eHHOro GypeHust
e [lonoTo ¢ paboyer AIMHOM MO MEHbLLIEMY Kannbpy
e [10/10TO C aKTUBHbIMW PesLiamm Mo Kanmopy

¢ [pUMeHeHWe orpaHNYUTENIbBHOMO Comnia A1s yrnpaBieHVst
CMbIBOM MOPOAbI W/ €ro orpaHuyeHns

* [lpensapuTenbHOe MIaHNPOBaHKE C YYETOM CTOSIKHOBEHNS
C rOpPU30OHTaMK, COEPXKALLMIN TBEPble CNIOW/MPOMNNIACTKN/
KPEMHVCTbIE MOPOb!.

Fig 2: For push-the-bit systems, cutting through hard layers located
above the BHA may be problematic due to gravity. The maneuver
of drilling down through a hard layer is consequently more effective.
If it is necessary to drill through a hard layer located above, a
change of an incident angle (an angle of attack) is recommended.
Increasing WOB is not an option. Other options for a successful
punch through a hard layer with push-the-bit system are:

e Attempt time drill for shorter duration of time

e Shorter gauge length bit

e Bit with active gauge cutter design

e Application of restrictor nozzle to control/limit formation washout

e Pre-job planning with awareness of encountering hard layers/
stringers/chert rich horizons.

The most important points which need to be agreed upon
prior drilling include:

e Bottom hole assembly and stabilizers strategy

e Applied survey spacing strategy

¢ Acknowledgment of structural uncertainties of the
drilled target

e Targets definition and their distribution along the
well path

¢ Dog leg severity limitations

e Overall build rate values of the planned trajectory
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TaK Kak CMocoBCTBYHOT OMPedeneHNo TPAcChl CKBaXKMHbI
1 yrna 6ypenus.

B HaknoHHO HanpaBnieHHOM UV FOPUSOHTATbHON
CKBaXXMHE rPaBUTaALMOHHbBIE U N3rnbatoLLme Cusbl
crmbatoT nodyto cexkupo KHBK, octaBnerHyto 6e3 onope!
(Mantle, 2013/2014). NpaBW/ibHO CKOHCTPYMPOBAHHbIN
LIEHTPATOP — 3TO r1aBHbI 3MIEMEHT, MPeaoTBPALLAIOLLNIA
Takve sBnenHus. C Opyrom CTOPOHbI, MOXHO
1CNOJIb30BaTh 3TV CUJIbI MPK paboTe A MoyyHeHns
HY>XHOIO pesybTaTa, a He NPOTUB Hero.

EcTb HekoTOpble 6a30BbIE MPUHLIMMBI COMPOBOXAEHMS
(TeHaeHUMKM), KOTOpble MOXXHO BCTPOUTL B
TEXHOSOMMYECKUIN UHCTPYMEHT ONg BypeHus. 910
XOPOLLIO, ECNN CAENaHO NPeOHAMEPEHHO, HO eCn
onpepeneHHas TeHaeHums BctpoeHa B KHBK

CINyYanHO, 3TO MOXKET CO3[aTb CYyLLECTBEHHbIE
NPenaTCTBUSA A9 Fre0CTUPUHIa. MOXKHO CMpPOeKTMPOBaTh
cTabunmanpoBaHHbin KHBEK ans cospanns, yaoep>xkaHns
WM OTMEHBI YT, 3aBUCSLLErO OT PacnoNIOXKEHNs
CTabunM3aTopoB, KOTOPbIE AENCTBYIOT B KA4ECTBE TOYEK
koHTakTa Mexxay KHBK 1 nopogoin (Mantle, 2013/2014).

Ecnn paccTosHmne mexay OBymMst cTabunmnsaropamm
BE/IMKO, NMPUYEM OMH N3 HUX PacrosIOXeH OTHOCUTENBHO
613ko K gonoty, KHBK narnbaetca mMexxay HAMK, 4TO
NPEVBOONT K OTKJIOHEHWIO OO0Ta BBEPX. B pesynbrtate

Bottom Hole Assembly

The type of rotary steerable system (RSS) affects the
effectiveness of steering and defines how quickly a desired
angle of inclination can be achieved. Commonly, there

are two steering concepts in the RSS: point-the-bit and
push-the-bit. In general, either a point-the-bit or a push-
the-bit RSS allows achieving a maximum build rate of
approximately 6 to 8 degrees per 100 ft for the 8-1/2-inch
hole size BHA tool (Sugiura et al., 2014) and seemingly
both are equally applicable for geosteering purposes.

Yet a vital characteristic of each of the system is their
sensitivity to the mechanical properties of a formation. In
the case of push-the-bit system, the requirement to push
off the opposite side of the borehole to cause a change
in the trajectory makes in-gauge holes a necessity for
such action. Hole washouts and borehole rugosity can
negatively impact the directional performance of these
systems. Kicking off a sidetrack in an existing well can
also be problematic for a push-the-bit system because
the pads become unable to contact the borehole wall
due to the hole enlargement that occurs at the kickoff
point. Therefore, the push-the-bit system should never be
chosen for drilling soft, easily washed out formations (Fig. 2).

Consequently, the choice of RSS system should be
based on a type of formation to be drilled. Relatively hard
formations will require different RSS type to soft ones. For
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B GYPEHVE

KHBK 6yaeT CTpeMuTbest K MOCTOSAHHOMY MOBbILLEHMIO
HaKJIoHa CKBa>KMHbI 1 OHOBPEMEHHO CTapaThCs
MPOV3BOANTb PE3KMNE YMEHbBLLIEHNS HAKTOHOB. 115
NOOHSATVS MPOMUIEN CKBAXKMH, B KOTOPbIX Cpasy Nocne
cnycka B He(hTEHOCHbBIM NNacT TpaekTopusa ByaeT
MOCTEMNEHHO MOHVKaTb BENYMHBI aOCONMKOTHOW FYyOUHbI
(MeHee rnybokne abContoTHble FyOVHbI), BOCXOASLLME
K MPOEKTHOW rNybunHe, cnegyeT NpUMEHSATb y3en os
Habopa KprBK3HbI BBepX (Prc. 3)

e
" BOCCTAHME
. BUILD

Puc. 3: Y3en ona Habopa KpnBn3Hbl BBEPX
Fig 3: Build assembly

Ecnv cTtabrnmsaTopbl pacnoioXeHb! Ha 3HAYUTENBHOM
pPaccTosaHUM OT 0onoTa, Yacte KHBK mexxay cambiMim
HVDKHMW CTabunmaaTtopamin 1 400TOM clerka
N3rnbaeTcsa Noa, BO3OENCTBMEM CUMbl TSXKECTU, B
pesybTare Yero 40I0TO CTPEMUTCS MOBEPHYTLCS BHNS
1 YMEHBLUUTb HakNOH ckBaxKHbI (Mantle, 2013/2014).
Lns onyckaHus Npogunen CKBaXKMH, B KOTOPbIX Cpasy
nocne crnycka B He(OTEHOCHbIM MAacT TpaekTopus 6yaeT
NOCTEMNEHHO MOBbLILLATL BEMYMHBLI aBCOATHOM ryOUHbI
(6onee rnybokme abCcotoTHbIE MNYyOUHbBI), CXoaaLme

K MPOEKTHOW FybunHe, cnenyeT NpPUMEHATL y3en ang
Habopa KpuBU3HbI BHU3 (PuiC. 4)

et CHDKEHUE
— DROP

Puc. 4: Y3en ona Habopa KpYBM3HbI BHU3
Fig 4: Drop assembly

Ecnn cTtabunnaatopsl pacnpeneneHbl OTHOCUTENTbHO
paBHOMEPHO BOO b AvHbl KHBK, nonoto He byaet
HM MOOHMMATLCS, HM onyckaTtees (Puic. 5). OToT
y3€es1 CTPEMUTCS YOEPKaTb HAK/TOH CKBaXKMHbI 1

HasbIBaeTCs y3nom ans yoep>kanus (Mantle, 2013/2014).

COOTBETCTBEHHO, €0 CNEeAyeT UCNOb30BaTh 414
OTHOCUTESIBHO MIOCKMX MPOMUIEN CKBaXKMHBI.

:{]ﬁg:ﬂﬂjg ....... .
YOEP>XAHUE

........ - HOLD

Puc. 5: Y3en ona yaoep»xaHns
Fig 5: Hold assembly

Ha TeHoeHumo K peskomy narndy KHBK Takoke BavsitoT
1 pasdnnyHble gpyrie hakTopbl. Hanpumep, 60abLwmnn
OnameTp CTabunmnaaTtopoB U/ nnn OypuibHbIX TRYO
YBENMUMBAET »XXECTKOCTb y3/a. [1oaToMy y3en He

OyOeT Tak Nerko rHyTbCsl, Kak B Clly4ae yCTaHOBKN C
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optimized directional control, a point-the-bit system will
have a major effect in soft formations, whereas the side
force (push-the-bit system) will have a better result in hard
formations (Griffiths, 2009). This characteristic should be
evaluated thoroughly based on the type of formation that
will be drilled as it will significantly impact the geosteering
performance and may hinder achieving required trajectory
shape.

Stabilizers Strategy

The bottom hole assembly (BHA) together with stabilizers
and drilling collars to be used for drilling are designed
during the planning stage. They help to guide the bit in the
borehole and play a major part in directional drilling as they
help determine the well-bore path and drilling angle.

In a deviated or horizontal hole, gravitational and buckling
forces bend any unsupported section of the BHA (Mantle,
2013/2014). Properly designed stabilization therefore, is
paramount to prevent these phenomena. On the other
hand, one can use this force to work for the desired
outcome rather than against it.

There are certain default steering directions (tendencies)
that can be built into the drill string. This is fine if done
purposely; but if a certain tendency is built into the BHA
coincidentally it will significantly hinder manoeuvrability
when geosteering. A stabilized BHA can be designed to
build, hold or drop angle depending on the location of
stabilizers which act as contact points between the BHA
and the formation (Mantle, 2013/2014).

If two stabilizers are widely spaced with one being
relatively close to the bit, then the BHA bends between
them resulting in the bit deflecting upwards. As a result,
the BHA will have a tendency to continuously increase the
inclination and simultaneously struggle to perform sharp
drops of inclinations. The build assembly (Fig.3) should be
used for climbing well profiles where right after landing in
the reservoir the trajectory will gradually decrease the TVD
values (shallower TVDs) ascending to the well TD.

If stabilizers are positioned a significant distance from the
bit, the length of BHA between the bottommost stabilizers
and the bit bends slightly under gravity, resulting in a
tendency for the bit to point down and decrease the well
inclination (Mantle, 2013/2014). The drop assembly (Fig. 4)
should be used for drooping well profiles where right after
landing in the reservoir the trajectory will gradually increase
the TVD values (deeper TVDs) descending to the well TD.

If stabilizers are distributed relatively evenly along the length
of the BHA, the bit will neither build or drop (Fig.5). This
assembly tends to hold the well inclination and is called a
hold assembly (Mantle, 2013/2014). Consequently, it should
be used for relatively flat well profiles.
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Derrick” npepnaraet aKCKNI03NBHYI0
TEXHOJIOrMi0 KOMNpPeCcCUOHHON
¢uKcauun CUTOBOU NaHeNu

Bubpocuto Derrick® Hyperpool® ¢ TexHonorueit KoMnpeccMoHHoOM
¢uKcaLmumn cuToBON NaHeN

Derrick sBnsieTcs eAMHCTBEHHbIM NPOM3BOAUTENEM 060PYAOBaHMA
KOHTPOA TBEPAOA hasbl, NpeanaratoLinii CBOMM 3aKasynkaM TEXHOMOMMIO
KOMMPECCUN CUTOBOW NaHenw. VIckntounTeNbHble MperMyLLecTBa,
obecneynBaeMble TEXHONOTMER KOMAPECCUM LOCTYMHbI MPU MCMONb30BaHUN
BMGpocuTa Hyperpool® :

B [InoTHOE NpuneraHne ceTku K pame, obecrneynBatoLee repMeTMYHOCTb
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MEHbLLVM OMaMETPOM CTabuamsaTopoB u/unn 6onee
TOHKUMU BypUbHBIMN Tpyb6amu. Bonee Bbicokas
MMBKOCTb MeHbLLMX Mo pa3mepy KHBEK (Hanpumep,
0ns BypeHus 6-AroMMOBOM CKBEXKMHDBI) MO CPABHEHWIO
¢ KHBK 6onbLuoro pasmepa (Hanpumep, o 6yperHus
812-Ar0MMOBOM CKBaXKMHbI) MO3BOISET UM MOJTYYUTb
Bonee pe3kun 13rnd, HoO co3aarT AOMNOSHUTENBHbIE
nNpo6eMbl 151 KOHTPOJIS HANPaBIEHNS CKBEXKWHbI.

MopsapoK namepeHnsa paccTosaHUs

MeXXOy CKBaXKMHaMu

HeTOYHOCTU, KOTOPbIE HAKaNMBAKOTCA B CBS3U

C pacCTOsHMEM MO Pe3yibTaTtam CTaTUYECKMX
VM3MEPEHWIA, MOIYT MPUBOAUTL K HENPaBUIBLHOWM
VHTEPMNPETALMM NOOXKEHNSA TPAEKTOPUM CKBAXKMHbI B
NMOANOBEPXHOCTHOM MPOCTPAHCTBE. BenmumHa Takomn
OLLMOKM UV HEOMPEAENEHHOCTW 3aBVCUT OT TOrO,
HACKO/bKO YaCTO MPOV3BOOUTCS KApPOTaXK CKBaXKMHbI
(Griffiths, 2009). MeToab! pacyeTa TpaekTopun CTBOMa
CKB&XKVHbI BKJTKOHAKOT HEKOTOPbIE O0MYLIEHNS.
Hanpumep, MeTon paanyca KprBM3HbI NpeanoaraeT
rNaaKOCTb CKBaXKMHbI MEXXay ABYMS TOYKaMK 3aMepa, HO
hakTryeckas TPaeKTopUs MEXAY TOHKaMUN MOXET BbiTb
He Takol. [103TOMY, YEM pexke CKBaXKMHY U3MEPSIOT,
TEM JasiblLE TOYKN UBMEPEHUS N OOMYLIEHNS OTCTOAT
BOOJb BCEM ASIMHHOW TPaeKTOpWUK, YTO O3Ha4aeT bonee
3HAYNTENBHYIO OLLIMDOKY Ha MPOTSKEHWN BCEro CTBOJIA
CKBaXKWHbI. CnegoBaTtesibHO, 601ee HacToe U3MepeHe
CKBaXKVHbI MPUBOOUT K Pa3MELLIEHNIO TOYEK 3amepa
ON1M3KO APYr K OPYrY 1 CHKAET HeONpeaeeHHOCTb.

[MpeHebpexeHne STUM SBIEHVEM MOXXET MNPUBECTU K
KPUTUYECKOMY HE[00LEHKE HAaMPaBIEHNS FEOCTUPUHTa,
0COBEHHO B rOPU30HTaUTLHO pa3pabaTbiBaeMblX LIENEBbIX
nnacrax, 1 COOTBETCTBEHHO MPUBOAUT K OTXOAY OT
uenm B nnacte (Puc. 6). OTpuuatensHoe BAUSHME 0COB0
YCUNNBAETCH B TPEXMEPHbBIX MPOMUIIAX CKBAXKMHI,

B KOTOPbIX TpaekTopus cTos1a TPebyeT He TOSIbKO
N3MEHEHNS HAK/TOHA CKBaXKMHbI, HO 1 MEPEMEH B
a3nMyTasIbHOM HanpaBieHnn. [oHUMaHKe 1 0CO3HaHKE
BCex 0b1iacTen HeonpeoeneHHOCTH, a TakKe NOPSaoK
N3MEPEHMSI PACCTOSIHMS MEX[Y CKBaXKMHAMM JOJIKHbI
ObITb BbIpaboTaHbl A/19 K&XKO0ro CTBOJ1a CKBaXKMHbI 415
TOro, YToObl YMEHbLLINTb 3TN PUCKM.

CTpyKTypHasa HeonpeneseHHOCTb

Hapsioy ¢ HeonpeneneHHOCTLIO N3MepPEeHUin, KoTopast
OTHOCUTCA K MOJIOXKEHWIO CTBOJIA CKBaXKMHbI B
NMoAnoBEePXHOCTHOM MPOCTPAHCTBE, MEETCS eLlé U
HeonpeneeHHOCTb, CBA3aHHas C MPOCTPaHCTBEHHBIM
MOJIOXXEHNEM Fe0SIOMMYECKON MOAENM B TPEXMEPHOM
NMoAMNOBEPXHOCTHOM OKPYXKEHWU, T.€. CTPYKTYpHas!
HeonpeneeHHOCTb.

CTpyKTypHas HeomnpeaeeHHOCTb PeaKo BCTpeYaeT
npaBuIbHOE OTHOLLEHWE 1 MPOTMBOMNOCTABIEHNE el
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Various other factors also influence the dogleg tendencies
of BHA. For example, larger diameter stabilizers and/or
drilling collars will constitute a stiffer assembly. Hence the
assembly will not bend as easily as if mounted with smaller
diameter stabilizers and/or thinner collars. A greater
flexibility of smaller BHA size (e.g. for drilling a 6-inch

hole) compared to the larger BHA size (e.g. for drilling an
8-1/2-inch hole) allows them to deliver greater doglegs
delivery but makes maintaining directional control more
challenging.

Survey Spacing Strategy

The inaccuracies that accumulate due to the static survey
spacing can create misleading interpretation of the well
trajectory position in the subsurface space. The magnitude
of the error or the uncertainty depends on how frequently
the well is surveyed (Griffiths, 2009). The methods used
for calculating the wellbore trajectory include certain
assumptions. For instance, the radius of curvature method
assumes a smooth wellbore path between the two survey
stations; however, the actual trajectory between the two
stations may not be such. Therefore, the less frequently

the well is surveyed the farther the survey stations and
assumptions are made over a longer course of the trajectory,
which means a larger error over the entire well path.
Consequently, surveying the well more frequently places the
stations close to each other and reduces this uncertainty.

Oversight of this phenomenon can lead to critical
misjudgement of the geosteering direction, especially

BLUE: surveys every 31 ft MD

{ i surveys every 63 ft MD (half a stand)
L RED: surveys every 126 ft MD

| f (every stand connection)

BepTukanbHoe ceyeHve
Vertical Section
CUHWIA: cbemku kaxabiit 31 dyT no cTeony
/I: cbemkm kaxaple 63 dyTa no cTBONY (0N10BMHA CBEUM)
KPACHbI: cbemkn kaxxable 126 tyToB (KaXaoe coeauHeHne caevyei)

WcTuHHan rny6uHa no BepTUKany, NOLMOBEPXHOCTHaR YacTb
True Vertical Depth SS
e

Puc. 6: INpuMep CKBaXKMHbI, N3MEPEHNST KOTOPOW MPOBOAWINCH
C pasHom YacToTon. CUHAS TPaeKTopus NPeacTaBnseT CTBON
CKBaXXVHbI C PACCTOSHMEM MEX Y ToUKamu na3mepenns 31 gyt
no CTBOJ1Y, 3enieHas — 63 dyta Mo CTBOJY, a KpacHass — C
paccTosHveM 126 dyToB MO CTBOY. PacxoXaeHus Mexay
MOJIOXKEHVSMM TPAEKTOPUIN COCTaBASIET A AHHOIO NpuMepa
[0 7 dyToB abCOMOTHOM FYOUHBI, HO B CYMME MOXKET JOCTUraTh
[OECATKOB (hyTOB.

Fig 6: Example of a well surveyed at different frequencies. Blue
trajectory represents the well path with survey spacing of every
31 ft MD, green trajectory with survey spacing of every 63 ft MD
and red trajectory with survey spacing of every 126 ft MD. The
differences between the trajectories’ positions are up to 7 ft TVD
for this particular example but overall can reach tens of feet of
difference.
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MOMEHTa U CKOPOCTM BpaLLeHUs npu

NCMNonNb30BaHUN rMapaBNMyYeckoro motopa

¢ TexHonormen Hydra-Shift B coyeTaHum

C MEeXaHU4eCKoM ABYXCKOPOCTHOMN

nepegaven, YeTbipe Avana3oHa KpyTALLero

MOMEHTa/CKOPOCTU BpaLLEHUS.
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B GYPEHVE

nnaHa npoxXoXxaeHWst HamedeHHoM TpaekTopun.

3TO NPV TOM, YTO OHa OKasblBaeT H6OSbLIOE U MHOMOA
JOMUHVIPYIOLLIEE BO3ASNCTBYME HA HAOE)XXHOCTb
MPOEKTUPOBAHUS CKBaXKWHbI, PE3YJ1bTATOB
reoCTUpPUHra (PasMeLLeHNst CKBabKMHbI) U, HAKOHELL, Ha
NPOV3BOANTENIBHOCTL NNacTa. B KOHLE KOHLOB, 6e3
OLIEHKM MPOCTPAHCTBEHHOM HEOMPeAe/IeHHOCTI Ha
CcTagun NNaHNPOBaHNS NOBbILLAETCS PUCK OLLMOOYHBbIX
MPOrHO30B 1 HEMPAaBUSIbHBIX PELLEHNIA MO FreOCTUPUHTY
(Seiler et al., 2009).

SIBNEHNe CTPYKTYPHOW HEONPEOENEHHOCT — 3TO
HEeNOCPeOCTBEHHbIN PE3yNbTaT CENCMNYECKON
HeonpPeaeIeHHOCTV 1 ee UHTepnpeTaLum. BoamoxxHOo,
OYeHb NpaBaoNoAoOtHas cercMmyeckas NHTepnpeTaums
MOXET MPEACTaBUTb HECKOJIbKO BECbMA Pa3INYHbIX
reolornyecknx Moaenen, oaHa N3 KOTOPbIX CMOXET ObITb
YBEPEHHO 1 TOYHO BbITb OnpeaeneHa B KONMM4eCTBEHHOM
BblpaxkeHun (Soleng et al., 2004).

Cencmmyeckast HeonpeaeneHHOCTb — 3TO PYHKLMA
MHOIUX HEOMPEOeNeHHOCTEN, KOTOPbIE MOMYT UMETb
LLMPOKWA NHTEPBAN 3HAYEHUI:

e HeonpeneneHHOCTb, cBA3aHHasA co c6opom m
06paboTKon AaHHbIX (MepeHOCOoM)

[rana3oH HeonpeaeneHHOCTH, CBA3aHHOM C
cencmMopasBenoUyHbIMKY padboTaMm 1 CENCMNYECKON
MUrpaLIen, 3aBUCUT OT TOYHOCTU U3MEPEHNIN
4yacToTbl cbopa AaHHbIX (paspeLleHUs OaHHbIX)
CelcMmyeckme gaHHble, Kak npaBusio, 3aCOPEHb!
npoaykTamu coopa nnm obpadboTKM U LLYMOM, YTO
MOXXET OKadaTb CUNIbHOE BO3OENCTBME HA MOCEOYOLLYIO
CeNCMNYECKYHO MHTEppeTaumio. Bo Bpems npouecca
nepeHoca CemcMmnyeckme cobblTus, 3aKCUPOBaHHbIE
Ha NOBEPXHOCTU, FEOMETPUHECKN NepeMeLLarTCs

1 B NMPOCTPAHCTBE, U BO BPEMeHM B TO MECTO MNof,
MOBEPXHOCTLIO 3eMJIU, TOE COObITVE (DAKTUHECKN
MPOM30LLII0. STOT NPOLLECC A0/PKEH NPE0a0NEThL
orpaHn4eHnst reonanyecknx MeTO4OB, Hanaraemble
30HAaMW CO CJIOXKHBIM FTEOMETPUYECKUM CTPOEHNEM,
Hanpumep, pPasioMamm, CONMFHbIMU TeNamm 1
CKJ1ag4aToCTbIO, KOTOPbIE BNOCNEACTBUM BBOOAT HEKME
HeonpPEeOeneHHOCTN B cucTemMy. COOp 1 06paboTka Takke
NOOBEP>KEHDI BANAHMIO FE0IOMYECKON I CENCMNYECKOWN
AHN3OTPONKK, KOTOPas!, EC/N el NpeHebpeYb, MOXET
MPUBECTU K HEKAYECTBEHHOW CENCMUNYECKON KapTUHE,
HETO4YHbIM MPUBS3KAM K CKBaDKMHaM U HenpaBWIbHON
NHTepnpeTaunn gaHHbIx (Bond et al., 2007).

hd Heonpep,eneHHOCTb, cBA3aHHanA C
I/IHTepI'IpeTaLI,VIeﬁ AaHHbIX

OWwnbOoK, BBEOEHHbBIX YETOBEYECKOW NHTEPNpEeTaLVen,
He n3bexxaTb. HenpaBuibHO MHTEPNPETMPOBAaHHbIe
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in thin horizontally developed reservoir targets, and
subsequently result in exiting the reservoir target (Fig.6).
The negative effect is enhanced especially for three-
dimensional well profiles where the well path requires
not only the inclination changes but also the azimuthal
direction alterations. The understanding and awareness
of all the uncertainty ranges, therefore survey spacing
strategy, must be developed for every well path to
adequately mitigate these risks.

Structural Uncertainty

On top of the survey uncertainty, which is related to the
position of the wellbore in the subsurface space, there

is an uncertainty related to the spatial position of the
geological model within the three-dimensional subsurface
setting, a structural uncertainty.

Structural uncertainty is seldom properly addressed and
confronted with the intended trajectory plan. Nevertheless,
it has a large and sometimes dominating effect on the
reliability of well planning, results of the geosteering (well
placement) and ultimately of a reservoir’s production. In
the end, without a spatial uncertainty assessment at the
planning stage, the risk of erroneous predictions and
wrong geosteering decisions is increased (Seiler et al.,
2009).

A structural uncertainty phenomenon is a direct result of
the seismic uncertainty and its interpretation. Potentially,
a very reasonable seismic interpretation can represent
several significantly different geological models, any
one of which by itself can be confidently and precisely
determined in quantitative terms (Soleng et al., 2004).

The seismic uncertainty is a function of various
uncertainties, which can have a range of values:

e Uncertainty related to data acquisition and
processing (migration)

The range of uncertainty related to seismic acquisition
and migration depends on the precision of the
measurement and acquisition frequency (data resolution).
Seismic data are commonly polluted by acquisition or
processing artifacts and noise which may have a strong
impact on subsequent seismic interpretation. During

the migration process, seismic events recorded on the
surface are geometrically re-located in either space or
time to the location where the event actually occurred

in the subsurface. This process needs to overcome the
limitations of geophysical methods imposed by areas of
complex geology such as faults, salt bodies and folding
which subsequently introduce certain uncertainties into the
system. The acquisition and processing are also affected
by geological and seismic anisotropies which if ignored
may lead to poor seismic imagining, inaccurate well-ties

www.rogtecmagazine.com
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B GYPEHVE

CENCMNYECKNE FOPUSOHTBI BIIUSKOT HA OLIEHKY TOMLLMHbI
1 ryBuHbI MNacToB. B cBOO ovepenp, BbICOKOE
paspeLLeHNE CENCMNYECKMX AaHHbIX MOBbILLIAET
BEPOATHOCTb MPaBUIbHOW MAEHTUdMKALMN COPOCOB U
OPYrX CENCMNYECKNX 3N1EMEHTOB. HeonpeneneHHoCTb
NHTEPNPETaLMM AaHHbIX HEMb3S PasPELLNTb MPOCTbLIM
KOHTPOJIEM Ka4eCTBa, MOCKOSIbKY HaCTO HEBO3MOXXHO
MPOU3BECTU CHEMKY HEKOTOPBIX FOPU3OHTOB/MIOCKOCTEN
cbpoca ¢ BOMbLLION TOYHOCTBLID. TEM CamMbIM BBOAUTCS
elle OfiHa HEONPEeOEEHHOCTb MOIOXKEHNS FOPU30HTA.

e HeonpeneneHHOCTb, CBA3aHHaA C
npeo6pa3oBaHMEM BPEMEHHOIO pa3pesa B
rNyGUHHbIN

CbEMKY CENCMNYECKIX TOPUBOHTOB OOLIYHO
MPOM3BOAAT Ha CEMCMUYECKM OTPaXKAOLLIMX MPaHMLIaX
BO BPEMEHHOM MHTepBase. Takum 0bpa3omM, camas
OonbLuas HeonpeaeneHHOCTb BO3HVKAET B pPeaybTare
CEeNCMMYECKOro Npeobpa3oBaHns BPEMEHHOMO pa3pesa
B INyOUHHBIN 1 3aBUCUT OT TOYHOCTU OMpeaeneHs
CKOPOCTEN, MCMO/b3YEMOro MpY TakoM NMpeobpasoBaHNm.
O6bI4HO paspabaTtbiBatOT MOAEM ANS1 HECKONbKMX
CKOPOCTEN ON151 TOro, YTo6bl ONPeaeIUTb BEPOSTHbIN
OmanasoH rnybuH ons gaHHoro ropuaoHTa (Bond et al.,
2007).

¢ HeonpeneneHHOCTb, CBA3aHHAA C 3aBUCUMOCTbIO
CKBaXMHbI OT CEMCMUYECKOMN cuTyaumm

HeCOMHEHHO, OOHMM N3 CaMbIX BaXKHbIX aCNEKTOB
PabOoTbl C CENCMNYECKMW OAHHBLIMU, ABISETCH
KOPPENALIMSA XapaKTEPUCTUK CKBaXKWNHbBI C
CENCMUNYECKMI AaHHbIMK, HAaNPUMEP, 3aBUCUMOCTb
CKBaXKMHbI OT CENCMUYECKON CUTYyaLUMM, KOTOpas
CBSA3bIBAET re0IONI0 U CENCMNYECKYHO PEAKLIMIO.
HekoTopble MHTEPMPETATOPbI CBA3LIBAKOT CKBaXKMHbI C
OaHHbIMK O CENCM NYeCcKor 0BCTaHOBKe, Npeanoaras,
YTO B CEMCMUYECKUX OaHHbIX COOEPXKUTCA ropasno
60/bLUE HEONPEOENEHHOCTY, a NAPaMETPbI CKBAXKMHbI
BCerga Uav noyTy Bceraa npaBuibHbl. [pyrve CTpemMsaTcs
BbISIBUTb OrPaHNYeHs MapamMeTPOB CKBaKMHbI U
pacnpefennTb HEONPEeAeNeHHOCTL Bolee PaBHOMEPHO
MEXOY CKBAXKMHOM U CEMCMUYECKMMU OaHHbIMMK (Seiler et
al., 2009).

"NaBHbI BbIBOA, 13 BbILIECKA3aHHOTO 3aK/IH04aeTCs B
TOM, YTO BCE UHTEPMNPETUPYEMbIE PE3y/bTaTkl CledyeT
NOMECTUTb B YCTAHOBJIEHHbI KOJIMYECTBEHHDBIN PEECTP
HeonpeseHHoCTen. HeobxoaMMo yooCTOBEepUTLCS,

YTO CMbICI 1 NMpenesibl 3TOro PeecTpa OTYETIMBO
MOHNMAKOT 1 PasAeNaloT BCE Te, KTO BOB/IgYeH paboThbl Mo
FEOCTUPUHIY.

Hanbonee pacnpocTpaHeHHON Mepoi
HeonpeneneHHOCTU ABNAETCA BblaeieHNe MiiaHK
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and incorrect interpretation of the data (Bond et al., 2007).
¢ Uncertainty related to data interpretation

Errors introduced by human interpretation cannot be
omitted. Incorrectly interpreted seismic horizons affect the
estimated thickness and depth of the reservoirs. In turn
high resolution of the seismic data enhances the ability for
proper faults and other seismic features identified. Data
interpretation uncertainty cannot be resolved by a simple
quality control check as it is often not possible for certain
horizons/fault planes to be picked up with high accuracy,
thus introducing yet another uncertainty on the position of
the horizon.

e Uncertainty related to time to depth conversion

Seismic horizons are usually picked on seismic reflectors
in time domain. Thus, the biggest uncertainty comes
from the time to depth seismic conversion, depending
on the accuracy of the velocities used in the conversion.
It is common to generate multiple velocity models to
understand the likely range of depths for a given horizon
(Bond et al., 2007).

¢ Uncertainty related to well-to-seismic ties

Undoubtedly, one of the most important aspects of
working with seismic data is the correlation of well data
to seismic data, e.g. the well-to-seismic tie that links
geology and seismic response. Some interpreters tie
wells to seismic data assuming that the greater amount
of uncertainty resides in the seismic data and that the
well data are always or almost always correct. Others
tend to recognize the limitations of well data and spread
uncertainty more evenly between the well and seismic
data (Seiler et al., 2009).

The crucial output of the above, is the idea that all

the interpretive results should be placed within an
established quantitative range of uncertainty. It must be
ascertained that the meaning and limits of that range are
clearly understood and communicated to all involved in
geosteering parties.

The most common measure of uncertainty is specifying
an error bar (uncertainty range) or plus-minus value, e.g.
the predicted depth of the formation X is 8500 ft TVDSS
+2% or 30 ft TVD) for horizons. Fault locations are also
inherently uncertain and come with lateral uncertainties
related to the position of the fault planes and the plane
dips.

Apart from vertical uncertainty especially affecting prognosed

formation tops, lateral uncertainty plays a significant role in
planning for any horizontally distributed geological features

www.rogtecmagazine.com
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B GYPEHVE

MOrPELLHOCTEN (Orana3oHa HeonpeaeneHHOCTEN) U
BESIMYMHbI MIKOC-MUHYC, HaNpUMep, NMPOrHO3Mpyemas
rayéuHa nopompl X coctasnseT 8500 chyToB abCoMOTHON
ryOuHbI OT YPOBHS Mops +2% mnnn +30 yToB
abCOSIHOTHOM ryOUHbI AN FOPU3OHTOB. PacnonoxxeHus
Cc6pPOCOB TaKXKe M3HaYaslbHO HeomnpeaeeHHb! 1

OaHHbIE O HUX MOCTYMaroT C FOPU30HTasTbHbIMM
HeonpeneeHHOCTAMN, CBA3aHHbIMU C MNOJIOXKEHNAMN
MJIOCKOCTEN cOpoca 1 1X NageHVEM.

Kpome BepTuKaibHOM HeonpeaeneHHOCTH, 0CO60
BJIMSHOLLIEN Ha KPOBJIKO NJ1acTa, ropn3oHTabHas
HeoNpPeaeIeHHOCTb UIPaeT CyLLECTBEHHYHO POJTb

B NMMAHMPOBaHUN A5 NOObIX FOPU3OHTATBHO
pacnpeeneHHbIX reonorn4eckrx obpasoBaHun,
noao06HbIX CUHOPMaM 1 aHTudopmam (Soleng et al.,
2004), 1 COOTBETCTBEHHO HaMPSIMYO BVSIET Ha XO[,
reocTypuHra.

pyrum cnencterem NpOCTpPaHCTBEHHOM
HeONPeaeIeHHOCTY ABNSETCHA BO3OENCTBINE Ha Yrof
NaaeHVs/NONOXKEHMS NaHaPHbIX 9NIEMEHTOB, HaNpUMeEP,
cbpocos (Pvc. 7 n 8). MNagerHust 3Ha4YNTENbHOW BENNHMHDI
(okono 90 rpagycos) oaoyT 0cob0 3HAYNTESbHbIE
NCKaXKEHWS.

OueHka HeonpeaeneHHOCTU He 0BA3aTesIbHO A0/HKHA
ObITb CUMMETPUYHOW, MOTOMY YTO B CENCMUNYECKYHO
HeoMNpPeaeIeHHOCTb BHOCAT CBOW BKa[, OTAESbHbIE
hakTopbl, OCOBEHHO Te, YTO OTHOCATCH K Fre0/10rn 1 He
obazarenbHO pacnpeneneHbl CUMMETPUYHO (Soleng et al.,
2004).

Puc. 8. HeonpeneneHHOCTb B ONpeaesieHnn NonoXXeHns
cbpoca onpenensieTcsa 30HOM HEOMPEeNeNeHHOCTH
BOKPYr 6a30BOro ciyyasi, rae gonyCcKaeTcs, YTo cOpoc
HaxoauTcsa BHYTpWU. Kpome Toro, HeonpeaeneHHoCTb B
onpeaeneHun Lenu obycrnaBnmeBagTcst LieNeBol 30HOM
BOKPYr 6a30BOro cfyyast, rae AornyckaeTcs, YTo Lesb
HaxXO4UTCH BHYTPW.

Bce thakTopbl, KOTOpbIE YNPaBAStOT BEMHNHOM
NPOCTPAHCTBEHHbIX (FOPU3OHTAUTBHBIX 1 BEPTUKASIbHbBIX)
HeonpeaeeHHOCTeN, AO/MKHbI MPOBEPSTLCS, a

VX BEJINYNHBI LODKHbBI ObITb JO/MKHBIM 06Pa30M
OLEHEHbI. OTO OKaXKET CYLLIECTBEHHOE BO3OENCTBINE

Ha onpeaeneHn reoIorMHecKNX Lenen 1 Toro nyTu,
MO KOTOPOMY TpaekTopus OyAeT BXOAUTb B 3TU e B
npouecce reoctupuHra (Puc. 9).

8OCTUPUWHI CKBaXKMHbI B COOTBETCTBUM C Hab1t0aeMolk
reoJIorVien rapaHTUPyeT ONTUMaUTsHOE pasMeLLieHe
CKBaDKVIHbI 1 JOBABNSET CYLLECTBEHHYHO BEINUMHY MO
CPaBHEHWIO C 68 reOMETPUYECKM BYpeHNeM Ha OCHOBe
CBHEMOK, C KOTOPbIMI CBA3aHa HEOMNPEAENIBHHOCTb, KOTOPYHO
BHOCUT 3ar/iaH1poBaHHas f0 6ypeHns TpaskTopuis.
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like synforms and antiforms (Soleng et al., 2004) and
consequently directly affect the geosteering process.

Another consequence of the spatial uncertainty is the
effect on dip/position angle of the planar features e.g.
faults (Figs. 7 and 8). Dips of high values (close to 90
degrees) will be especially distorted.

HeonpepneneHHocTs nageHns cépoca
Fault dip uncertainty

HeonpegeneHHocTs napgeHus cépoca
Fault dip uncertainty

Puc. 7: HeonpeoeneHHOCTb B ONpeaesieHnn NonoxXeHns copoca
onpeaenseTcs 30HOM HeOMPEAENEHHOCTY BOKPYT 6a30BOro criydas,
rae OOMycKaeTcs, YTo copoc HaxoauTtes BHyTpW. Cropa Byaet
BXOAVTb MOJSIOXKEHME COPOCa, a TakKe MaaeHne MiIocKoCcT copoca
Fig 7: An uncertainty in fault location is specified by a fault
uncertainty envelope around a base case, where the fault is allowed
to reside within. This will include the position of the fault as well as
the dip of the fault plane

Fopn3oHTanbHas HeonpPeaeIeHHOCTb
Lateral uncertainty

FopusoHTanbHas
HeonpefeneHHoCTb
Lateral uncertainty

BepTtukanbHas
HeorpeneneHHoCTs
Vertical uncertainty

Puc. 8: HeonpeaeneHHOCTb B onpeaeneHnin NonoXeHns copoca
onpenenseTcs 30HOM HEOMPEAENEHHOCT BOKPYI 6a30BOro
cny4asi, roe JOomnycKaeTcsl, YTO COPOC HAaxoauTcs BHyTPU. Kpome
TOro, HEOMPEAENEHHOCTL B ONPEAeeHNN Liein 06ycaBMBagTcs
LIeNeBov 30HOM BOKPYr 6a30BOro cnyyas, rae A0onmyCcKaeTcs, YTo
Lielb HaxXoauTCst BHYTP.

Fig 8: An uncertainty in fault location is specified by a fault
uncertainty envelope around a base case, where the fault is allowed
to reside within. Additionally, an uncertainty in target location is
specified by a target envelope around a base case where the target
is allowed to reside within.

An estimation of uncertainty does not need to be
symmetric because the individual factors contributing to
seismic uncertainty, especially those that are geologically
related, are not necessarily symmetrically distributed
(Soleng et al., 2004).

All the factors that control the magnitude of the spatial
(vertical and lateral) uncertainties should be examined and
their values should be properly estimated. This will impact
significantly on the definition of the geological targets and
the way a trajectory will penetrate those targets during the
geosteering process (Fig.9).
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BepTuKanbHas 30Ha

HeonpeneneHHocTu (o6nact

3a npefieNiamm 0XXuaaemoro

pacrnonioXXeHus Lenu)

vertical uncertainty envelope (area
outside of the expected target location) B

oXXnpaemoe pacrosioKeHve Luenm [

expected target location
HeomnpeaeneHHocTn

CKB2KUHbI
well’s cone of uncertainty

Puc. 9: CkBaxknHa MOXXET HaXOQUTLCS 1 BHE LIESIEBOrO MNiacTa,
€CJIN €6 KOHYC HEOMPEAENIEHHOCTU NNLLb YaCTUYHO BXOOUT B
pacnonoxxeHve Lenn. bonee Toro, ckeaxknHa o/mKHa ObITb
MOJIHOCTBIO BBEAEHA He TOJIbKO B M1acT LEn, HO 1 BO BCE
BO3MOXHbIE 30HbI HEOMPEAENEHHOCTI 3TOM Lienn. B nprmepe
BbILLIE CKB2XXMHA HOMVHA/TbHO PacnoioXeHa BMECTE C KOHYCOM
HeonpegeneHHOCTN NNLLb YaCTUYHO B Mnpefeniax pbiHKa B 30He
KPAaCHOrO MHOIOYrOSIbHVKA. OTa 30Ha — Pe3y/bTaT HaTOXKEHVS
OXKNOAEMOrO PACTOSIOKEHUS LIESIN U €€ BEPTUKaIbHOM 30HOM
HeonpeaeneHHoCcTN. B 3Tom ciyyae ToNbKO pas3meLLeHre
CKBaXXWHbI B 061acTu KpaCHOro MHOroyroJibH1MKa rapaHTnpyeT,
YTO OHa MPOHWKHET B Lie/1eBOV NAacT. KpacHbIN MHOMOYrObHNK
MOXXHO TaK>Ke Ha3BaTb re0sIOMMYECKON LIEbHO.

Fig 9: A well might be located outside of the reservoir target if

its cone of uncertainty is only partially incorporated in the target
location. Furthermore, the well must be fully incorporated not

only in the reservoir target but also in all the possible uncertainty
envelopes of that target. In the example above a nominal well
location with its cone of uncertainty is only partially located within
the market in red polygon area. The red polygon area is the result
of overlap of expected target location and its vertical uncertainty
envelope. In this case, only placing the well within the red polygon
area guarantees that the well will penetrate the reservoir target. Red
polygon can be also called a geological target.

OnpepeneHwue uenen

Ha ctagun nnaHnpoBaHust HE06X04MMO ONPeaenThb,
cornacoBaTtbh 1 BCe BMECTE HaNlOXUTb APYr Ha apyra
FeONIOrMYECKYIO Lieb, Lieb BypeHus, a Takke pasMep
1N hopMy KOHyCa HeEONPedENEHHOCTN. [ eonornyeckas
Leflb 0bbl4HO OroBapuBaeTCsl Ha OCHOBE

OXnaaemMblx pa3MepoB Mnacta B JaHHOW MECTHOCTW.
[[e0N0OrMYeCcKon UEN HY>KHO BblTb, K&k MUHVMYM,
TOro >Xe pasmepa, Y4To U KPyr Aomnycka, HO HE MEHbLLIE,
4TOObI AaTb BO3MOXXHOCTb CKBa>KMHE MPOHUKHYTH B
reoIOrMYECKYHo Lieslb CO BCEMMW HEONPEAeIeHHOCTSAMM
(BKTKOYaAsA KOHYC HeoMnpeaeneHHOCTM B AaHHOM
MECTHOCTW).

[ns obecneveHns Toro, 4To CKBaxkKMHa 6yaeT
hakTUHECKM NPOHNKATL B FEONIOMMHECKYIO LEeNb, KPYT
OOMnycKa O0/KEeH ObITb CKOPPEKTUPOBAH (T.€. YMEHbLLIEH)
Tak, 4ToObl BECb SMMNC HEONPEOENEHHOCT MOMELLLACS
B Npeaesiax kak reolorm4eckon Lenm, Tak U Kpyra
OOMnycKa (make ec/m waxra NPOHNKaET B LIENb Ha Kpato
Kpyra AonycKa 1 Ha Kpato a/1/mMnca Heonpeae eHHOCTW).
[ns Toro, 4Tobbl HArNSAHO MOHATL STOT MPUHLINM, CM.
Puc. 10, 11 1 12 Hwxe.

Takum 06pa3oM, HeoNPeOEeNeHHOCTU Leen 1
HeoNPeaEIEHHOCTI PACMOIOXKEHUS CKBaXKMHbI
HeoBXOOVIMO COBMECTUTb U CUHXPOHN3NPOBATb,
OOHaXKabl HANOXMB UX Opyr Ha apyra (Puc. 10, 11 n
12). iHade 6yneT Bo3pacTaTb PUCK TOrO, YTO CKBaXKMHA
OKa>KETCH BHE Liesn.
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Geosteering the well according to the observed geology
assures optimal well placement and adds significant value
compared to drilling it geometrically based on surveys
with their associated uncertainty following pre-drill planned
trajectory.

Targets Definition

During the planning stage, the geological target, the
drilling target and the size and shape of the cone of
uncertainty need to be defined, agreed upon and
superimposed all together. A geological target is usually
specified, based on the expected reservoir dimensions
at a given location. The geological target needs to be
at least the same size as the drillers’ target, but not
smaller, to allow the well to penetrate the geological
target with all the uncertainties (including the cone of
uncertainty at the given location).

618060 E15000 818100 18120 &18140 SUBIED

Teonoruyeckas uenb

B168540

cesepy ()

B1E8520

AGe. rryGuka

H168500

6163460

165460

Kpyr gonycka

Drillers Tamget
Narthing (m)

168440

r 01
111000 5168511.55

618060 818080 gte100 a18120 818140 G1E160  Cmewenme K CwmeleHne K
socTOKY (M) cesepy (v)

Puc. 10: Mprmep npaBusibHO ONPEeAENEHHOM 1 COrIacOBaHHOM
reoNorM4eckon Lienm, Kpyra AOmnycka 1 KoHyca HeonpeaeneHHOCTU
B [aHHOM MecTHOCTU. Cepbli KPDECT (HOMUHAIbHOE PacrooXeHne
CKB&XXVMHbI) C CEPbIM KOHYCOM HEOMPeaeNeHHOCT B AaHHOM
PacnoNOXKEHNM MOHOCTHIO MOMELLAETCS B KPYr AOMycka
(3eneHbI NPAMOYronbHUK). COOTBETCTBEHHO KPYr AONYyCKa

TaKXe NOMELLAETCS B Mpeaeniax reoiormieckon Lenm (KpacHsbii
NPSMOYronbHUK). B ciyvae cuHero kpecta (HoMUHanbHoe
PacnoNOXKEHNE CKBaXKWHbI) C CUHUM KOHYCOM HEOMPEAeNeHHOCTY
€CTb BOBMOXHOCTb TOIO, YTO CKB&XKMHA MPOHVKHET B
reosIorM4eCKyHo Lienb, HO He B KPyr gonycka. B cnyvae kpacHoro
KpecTa (HOMUHaTBHOE PACMONOXKEHME CKB2XKNHBI) C KDACHBIM
KOHYCOM HEOMPEAENEHHOCTN eCTb BO3MOXKHOCTb TOrO, YTO
CKB&XXMHA HE MPOHUKHET HW B FrE0SIOMMYECKYIO Lieb, H B KRy
Jonycka.

Fig 10: An example of a properly defined and agreed geological
target, drillers’ target and the cone of uncertainty at the given
location. The grey cross (nominal location of the well) with the grey
cone of uncertainty at this particular location fits entirely into the
drillers’ target (green rectangle). Subsequently, the drillers’ target
also fits into the geological target (red rectangle). In the case of
the blue cross (nominal location of the well) and the blue cone

of uncertainty, there is a possibility that the well will penetrate

the geological target, but not the drillers’ target. In the case of
the red cross (nominal location of the well) and the red cone of
uncertainty, there is a possibility that the well will neither penetrate
the geological target nor the drillers’ target.
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LLnpuHa uenu (necyaHbiin
) KaHaUi, TosLLmHA Cos U T.4,)
Target width (sand channel,
layer thicknes etc.)

LLnpuHa uenu (necyaHbiin
C) KaHaJl, TofLLMHa CJ10A U T.4.)
Target width (sand channel,
layer thicknes etc.)

LLunpuHa uenu (necyaHbiin
a) KaHaJ1, ToNLLMHA CJ1oA U T.14.)
Target width (sand channel,
layer thicknes etc.)

| o | 1

e

-
|
FopusoHTanbHas

HeorpeaeneHHoCTs
Lateral uncertainty

FopusoHTanbHas
HeornpeaeneHHocTs
Lateral uncertainty

QnNMnc HeonpeaeeHHOCTH CKBaXXUHBI
Well’s ellipse of uncertainty

Puc. 11: a-c MNnaHapHble AByXMePHbIE LiEN

a) KoopamnHaTbl reoorn4eckon Lenm 1 paguyc Lenm.

b) eonormnyeckas Lenb NOCAe NPUNOXKEHNS TOPUSOHTaTbHON
HeonpeneneHHOCTA (C MEHBLUVM PaauyCcoM Lienn).
BypunbLuvkam Tpebyetcsa reonorndeckas Lefb Co Bcemn
30HaMU HEOMPEAENEHHOCTU (FOPU3OHTaSIbHON 1 BEPTVKAIbHON
B CJlydae niaHapHOM reonorn4eckon Lean, Hanpumep, Kpyriown,
NPSIMOYrOSIbHOM MW KBaApaTHOM (hopMbl).

C) Onmnc HeomnpeneNeHHOCTV CKBaXKMHbI. BypubLUmKA

OyayT NbITaTbCst BMECTUTL SJ/UMNC HEONPEAENEHHOCTU BHYTPb
OMNpPeaeIeHHON FreoIOMMHYECKOM Len CO BCEMU re0N0rN4eCKUMM
OypUNbHBIMY HEONPEAENEHHOCTAMM.

Fig 11: a-c Planar two-dimensional targets

a) Geological target coordinates and the radius of the target.

b) Geological target after applied lateral uncertainty (with shorter
radius of the target). Drillers require a geological target with all the
uncertainty envelopes (horizontal and vertical in case of a planar
geological target e.g. circle, rectangle or square shape).

c) Well’s ellipse of uncertainty. Drillers will try to fit the ellipse of
uncertainty within defined geological target with all the geological
and drilling uncertainties.

OrpaHnyeHnss NHTEHCUBHOCTU OTKIOHeHUs (MO)
VHTeHCcMBHOCTL OTKIOHEHNS (NO) — 3TO Mepa BeNUMHbI
N3MEHEHNS HAK/TOHA W/ a3MMyTa CKBEXKMHI,

0BbIYHO BbIpadKaemas B rpaaycax AByXMEPHOro yria

Ha 100 hyToB O/MHBI MHTEPBaIa NPOdUIS CTBOSA.
MpyMeYaTensHO, YTO 3TO USMEHEHWE N3MEPSETCH B
TPEXMEPHOM MPOCTPAHCTBE, MO3TOMY OTKJTIOHEHWS
BMPaBO-B/IEBO OKA3bIBAKOT OAVHAKOBO BpeOHbIe
NOBOYHbIE SABAEHNS.

[Ba nokasartens onpepenstoT namepenue O: yron
BOCCTaHWs, KOTOPbIV SBNAETCH MEePOr USMEHEHUS
OTKJTOHEHWSA BAOIb BEPTUKANBHOM MNIOCKOCTH, U Yron
MoOBOPOTA, KOTOpas ABISETCS MEPON a3UMyTasibHbIX
VM3MEHEHWI B rOPU30OHTasIbHOW niockocTu. CnenyeT
OTMETUTb, 4TO MO — 3TO He MPOCTO CymMMa 3TUX
OBYyX nokasartenen. B ropn3oHTasibHbIX CKBaXKMHAX U
CKBaXXMHAX CO 3HAYNTENbHbIM HAKIOHOM BENNYMHbI
3TUX YrI0B HAMHOIO MEHbLLE, YTOObI MOy4nTb
OONHAKOBYIO CTENEHb N3MEHEHNSA a3UMYTaslbHOMO
M3MEHEHWS MO CPaBHEHWIO C BENMYMHAMM NOBOPOTA
B MOYTU BEPTUKASIbHBIX CKBaXKMHAX. AHANOMMYHOE
aBneHne byaeTt HabnaaTbCs B FOPU3OHTaNbHbBIX
CeKUMSX, FOe BeNYMHBI YrNoB NOBOPOTa CUNBHO
3aBUCAT OT HaKJ/IoHa.
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Feonornyeckas Liesb nocsie NpUMeHeHNst Fopu3soHTansHas

FOPU30HTasILHOM HEoMNpPeneNIeHHOCTN HeorpeaeneHHoCTs
Geological target after applied lateral uncertainty — Lateral uncertainty

Puc. 12: TpexmepHas reosioriyeckas Lieslb U 06beKT BypeHus.
leonornyeckas Liesb OO/MKHA YYUTbIBATb FOPU3OHTATBHYIO U
BEPTUKabHYIO HeonpeaeneHHoCTb. OIHaKO reosiornyeckas Lienb
He OTBEYAET 3a TEXHOOMNYECKNE HEONMPEAENEHHOCTIN OypEHWS,
MOCKOJIbKY KPYI JoMycKka Bceraa Ao/mKeH ObiTb MeHbLLE pasMepa

uenn, O6yCJ'IOBJ'IeHHOI'O reonorn4eCKkMmn Heorpene1eHHOCTAMN.

Fig 12: Three-dimensional geological and drilling targets. A
geological target should take lateral and vertical uncertainties
into account. The geological target, however, does not account
for technological drilling uncertainties, hence the drillers target
should always be smaller than target size specified by geological
uncertainties.

To ensure that the well will actually penetrate the
geological target, the drillers’ target must be adjusted

(e.g. reduced) so the entire ellipse of uncertainty fits within
both the geological and the drillers’ targets (even if a well
penetrates the target on the edge of the drillers’ target and
on the edge of the ellipse of uncertainty). To visualize this
concept, see figure 10, 11 and 12 below.

Thus, the uncertainty of the targets and the uncertainty of
the position of the well needs to be aligned and synced
once superimposed on each other (Figs 10, 11 and 12).
Otherwise, there is an increased risk of placing the well
outside the target.

Dog Leg severity (DLS) Limitations

Dogleg severity (DLS) is a measure of the amount of
change in the inclination and/or azimuth of a borehole,
usually expressed in two-dimensional degrees per 100
feet of course length. Notably, this change is measured
in three-dimensional space therefore left — right doglegs
cause equally harmful side effects.

There are two factors that constitute the DLS

measurement, a build rate that measures inclination
changes along the vertical plane and a turn rate that
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Puc. 13: 3annaHmpoBaHHasi TpaeKTopust Ha OCHOBE 3afaHHbIX
Lienen (LWecTb CUHMX KPYXKKOB). KpacHble y4aCcTKM NoKasbiBatoT
YacT TpaekTopumn, BOosb KoTopblx O npesbiwaeT 3,0 rpagyca
(8,0 rpapyca nnm 6onee). MNpu guanasoHe orpaHuyeHuin MO
nepepn bypeHnem, coctasnstollem 3,0 rpagyca, reoCTUPUHI
OyOeT NPaKTUYECKM HEBOSMOXKEH BLOJIb 3TUX YHACTKOB 13-3a
[OCTVKeHVS orpaHnyeHnin VO yxxe Ha aTane niaH1MpoBaHuis.
Jltobble KOPPEKTUPOBKM TPAEKTOPUM BAOb KPACHbIX Y4aCTKOB
npv BypeHn MprBeayT MO0 K eLLé 6onblumM BenmndmHam V10,
B0 K HenomnagaHuio B CNEAYIOLLYIO Liesb.

Fig 13: Planned trajectory based on given targets (six blue circles).
Reddish sections indicate parts of the trajectory along which DLS
exceeds 3.0 degrees (3.0 degrees or more). With the pre-drill
DLS limitation range of 3.0 degrees, geosteering will be virtually
impossible along these sections due to reaching the DLS limits
already at the planning stage. Any adjustment of the trajectory
along the reddish sections while drilling will result either in even
higher DLS values or missing the next target.

B T0 Bpems, kak HEKOTOpbIE PE3KME N3MMbbl CO3AaHbI
YMBILLIEHHO CneupanincTamm no 6ypeHmnto, HexkaaHHble
MOBOPOTbLI UMEIOT NarybHble NocneacTans. boblime
MOBOPOTbI yCUIMBAOT ObLLIEE TPEHME, MPUBOSLLEE

K YCTQ/TIOCTHOMY 1 abpasmBHOMY U3HOCY BYPUIbHOWN
KOJTOHHbI, 06CaQHOM KOMOHHbI 1 KOSTOHHbBI 3aKaH4YMBaHUS,
a TaKXXe K MOBBbILLEHNIO BEPOSTHOCTY MpuxBaTa

B CKBaXKMHE NIV K HEBO3SMOXHOCTW AOCTUXKEHNS
3annaHnpoBaHHon obLLen rnybuHsl (OL). B cBasm ¢
3TUM HEOBXOAMMO 0BsA3aTeIbHO COB0AATE ANana3oHbI
O, cornacoBaHHble 1 BBEAEHHbIE Nepen, BypeHVEM.
ObpatnTe BHUMaHME, YTO HEOOXOAMMO «MPOBOANTL
FEOCTUPUHI CKBaXKWHBI Ha Bymare» (mpona3soauTs ' CHB)
N MPOBEPSATb, HE MPEA0TBPALLAKT /M orpaHnyeHns IO
MPOHNKHOBEHE BO BCE 3ansiaH1poBaHHble Liean (Puc. 13).

Mo aton npuinHe VIO ByaeT 4acTo OrpaHnymMBaTh
BbIOOP TPAEKTOPUM CTBOJIOB CkBaxKMH. CnegoBaTesisHO,
orpaHudeHns 1O cyLeCcTBEHHO BO3OENCTBYIOT Ha
MPOLIECC BbIXOAa CKB2XKWHbI HA MOPU30OHTaSTbHbIN
Y4YaCTOK B LIENN, MOOHATUS Yepes3 Koodubl, MpobrBaHns
4yepes3 KPEMHUCTbIE MOPOodb! 1 OrpaHVYMBaeT
BO3MO>XHOE MPOCTPAHCTBO AJ15 reOCTUPUHIa B Criy4ae,
Korga TpebyeTcs Pe3Koe N3MeHeHVe HakoHa. B
3KCTPEMASTbHbBIX CUTYaLMSIX, KOFAA M30bITOYHOE
OTK/TOHEHWE YMEHbLLAET LLIAHChI Ha YCNEX CKBaXKMHBbI,
MO>XHO MPeanpPUHATbL MepbI MO UCAPAaBIEHNIO CUTYaLIN,
Hanpumep, pacLuMpeHne nnn pasbypuBaHmne CTBoa
CKB2XXWHbI YEPE3 PE3KOE OTKIIOHEHME NI AaxKe BypeHne
BTOPbIX CTBOJIOB.
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measures azimuthal changes in a horizontal plane. It
should be noted that DLS is not a simple sum of these
two factors. In horizontal and highly deviated wells turn
rate values are much smaller in order to obtain similar
degree of azimuth change compared to turn values in
close to vertical wells. A similar effect will be observed in
horizontal sections where the turn rate values are highly
inclination dependent.

While some of the doglegs are created intentionally by
directional drillers, unanticipated ones have destructive
tendencies. High doglegs intensify the overall friction
creating fatigue wear and abrasion of drill pipe, casing
and completion string and increase the likelihood of
getting stuck or not reaching the planned total depth
(TD). Consequently, the DLS ranges agreed and imposed
prior to drilling operations must be obeyed. Note that it is
imperative to “geosteer well on paper” (to conduct GWOP
exercise) and verify whether the DLS limitations prevent
penetration of all the planned targets (Fig. 13).

For this reason, the DLS will often limit the choice of well
paths. Consequently, the DLS limitations significantly
impact the process of well landing in a target, building

up through the sumps, punching through chert horizons
and restrict the possible room for geosteering if a sharp
change of inclination is required. In extreme situations,

if an excessive dogleg impairs the success of a well,
remedial action can be taken, such as reaming or under-
reaming through the dogleg location, or even sidetracking.

It must be remembered that the measurement of DLS
values obtained by stationary surveys (usually every 100
ft) do not represent a real degree of borehole inclination
or azimuthal change. This can only be acquired by
instantaneous (continuous) azimuthal and inclination
measurement. Therefore, the stationary surveys might
not capture some of high doglegs created while drilling
and provide only averaged values of the given interval.
All possible micro-doglegs that occur in between the
stationary surveys are masked.

Planning a Trajectory

Most reservoir sections require simple designs where

a well profile of a two-dimensional horizontal section
maintains the constant azimuth with only changes

of inclination (steering up and down). In other cases,
azimuthal changes are planned prior drilling (azimuthal
geometrical drilling, semi-three-dimensional geosteering)
and are not part of the geosteering strategy. In some
extreme cases complex geological settings require full
three-dimensional geosteering (steering up, down, left and
right). As it is impossible to predict every steering decision
at the planning stage, these three-dimensional deviations
must be reflected accordingly in the planned trajectory
leaving leeway for geosteering decisions (Liu et al., 2004).
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HeobxoaMmo MOMHUTb, YTO U3MepeHre BennynH MO,
MoJly4eHHble Mo pe3ysibTaTaM CTaUMOHaPHbIX ChEMOK
(06b14HO Kakable 100 yToB), HE NPEACTaBNAOT
peaibHytO CTEMEHb HAKITOHEHWSI CTBOJTA CKBaXKVHbI VTN
a3VMYTaNIbHOIrO M3MEHEHUS. Ee MOXKHO NMOSy4nTb TOSIbKO
MyTEM MIHOBEHHbIX (HEMPEPbIBHBIX) N3MEPEHNI a3nMyTa
N HAKOHEHVWS. [TO3TOMY CTaLMOHAPHbBIE CHEMKM MOIYT He
YNOBUTb HEKOTOPbIE PE3KNE OTKITOHEHUS!, MOJTYYEHHbIE B
Xo4e BypeHs, 1 JatoT TONbKO YCPEAHEHHBIE BENMNYNHDI
[aHHOro nHTepBana. Bce BO3MOXKHbIE MUKPOOTKITOHEH NS,
KOTOPblE BOSHVIKAIOT B MPOMEXYTKE MexXay
CTaUMOHaPHbIMY CheMKaMM, MaCKUPYHOTCS.

NMnaHupoBaHne TpaekTopmun

BonblMHCTBO YacTern nnacTta TPebyoT NPOCTbIX
KOHCTPYKLMK, MpY KOTOPbLIM NPOMUIb CKBEXKNHBI C
OBYXMEPHbBIM FOPU3OHTASTbHBIM Pa3PE30M MNOOOEPKNBAET
MOCTOSHHBIV a3UMYT, MEHSISt TOSTbKO HAK/TOHEHWE
(conpoBoXxaeHVe BBEPX U BHKZ). B opyrix cnyyasx
a3VMyTabHbIE U3MEHEHMS MAAHVPYHOTCS 00 BypeHns
(asumMyTanibHOE rEOMETPUYECKOE BYpPEHME, HANOTOBUHY
TPEXMEPHbI FTEOCTUPWHI) 1 HE SBMISKOTCS HaCTbio
CcTparernm reocTpuHra. B HEKOTOpbIX KpanHKX Cryyvasx
CJIOXKHbIE MEONOrMYECKME YCIOBUS TPEDYIOT MOSTHOMO
TPEXMEPHOIO rEOCTUPVHIA (CONMPOBOXOEHNE BBEPX,
BHW3, BNEBO 1 BNPaBo). [10CKONbKY HEBO3MOXXHO Ha
aTane NiaHMPOBaHUS NPEACKAa3aTh KaxXaoe peLleHmne
MpY COMPOBOXAEHNN, 3TV TREXMEPHbBIE OTKITOHEHUS
OOJKHbI BbITb COOTBETCTBYHOLLIMM 0BPAa30M OTPaKEHD!

B NMIAHMPYEMOW TPAEKTOPUM, OCTaBASAS JOMYCK Ha
reoCTUpuHroBble peLlenns (Liu et al., 2004).

BHe 3aBUCMMOCTI OT CIOXHOCTU MIaHUPYEMOW
TPAEKTOPUM BCE BOSMOXXHbIE PELLIEHNS MO
COMPOBOXAEHNIO N USMEHEHNSAM TPAEKTOPUN MOy T
noBAMATb Ha ee PopMy. Tak Kak HanpaBneHne bypeHns
HENb39 KOHTPOIMPOBATL Ha 3Tarne niaHnMpoOBaHS,
FeOCTUPWHI AO/PKEH OENCTBOBATbL B KQ4ECTBE
HenpeaBnOeHHOro hakTopa A5 HEONPeaeIeHHOCTEN
BCEX BOSMOXHbIX TPAEKTOPUIA, MO KOTOPbIM MOXET ObIThb
npobypeHa CkBakHa. [103TOMy BO BpeMs MPOBELEHNS
"CHB nepen 6ypervem TpebyeTcs UCMbITaTb BCe
BO3MOXKHbIE PELLEHNSI MPO CONPOBOXAEHWIO, KOTOPbIE
MO/ Bbl HEFATUBHO CKa3aTbCs Ha JOCTVXKEHUM HY>XXHOW
TPaEKTOPUM CTBOJSTA CKBaXKMHDI.

TpaekTopus B OTpe3Ke Mniacta OCHOBLIBAETCH, Kak
npaBuIo, Ha NPEYCMOTPREHHbBIX FEOTOMMHECKMX LIENAX

C KoopauHaTamu X, Y, Z. Nockorbky dakTndeckas
NoaNOBEPXHOCTHAS CTPYKTYpa (pacronioxxeHne
Lie/1IeBOro njacra B TPEXMEPHOM MPOCTPAHCTBE) U
NeTPOUINYECKME YCNOBUSA 3TUX Lienen (MnacToBble
YKUOKOCTW, MOPUCTOCTb M MPOHULZEMOCTb) HaCTo
OTNINYAKOTCS OT MOAEMPOBaHUS Nepen, bypeHnem, B
TPaeKTopuM AO/MKHA ObITh NPEdyCMOTPEHa AOCTaTOHHas
MMBOKOCTb, YTOObI CO3AaTh BOSMOXXHOCTb A5 U3MEHEHS
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Irrespective of the complexity of the planned trajectory,

all possible steering decisions and trajectory changes
may affect the shape of the trajectory. Since the direction
of drilling cannot be verified at the planning stage, the
geosteering must act as a contingency for uncertainties of
all possible trajectories in which the well might be drilled.
Therefore, testing all the possible steering decisions

that might jeopardize achieving the desired well path, is
required prior to drilling during the GWOP exercise.

A trajectory in the reservoir section is based mainly on
provided geological targets with x, y, z coordinates.
Since the actual subsurface structure (targeted reservoir
location in three-dimensional space) and petrophysical
properties of these targets (reservoir fluids, porosity, and
permeability) are often different from those indicated by
the predrill model, sufficient flexibility must be built into a
trajectory to allow for the possibility that the targets could
require modification during drilling. This is where active
geosteering takes place to adjust the plan to the actual
setting.

The worst-case scenario includes a design of a trajectory
that is not feasible for geosteering due to directional
drilling limitations (e.g. DLS ranges imposed prior to
drilling operations and BHA steering limitations). This
happens when planned DLS of a trajectory between the
targets is on its borderline of achievability (e.g. trajectory
with too high DLS between too many targets). In such
situations, there is little room to adjust the trajectory and
to hit all the targets if their position requires alteration. It is
self-evident to adjust trajectory while geosteering, but a
significant unforeseen discrepancy from the planned one
(azimuthal and inclination, DLS, length, total depth) may
put achieving all the objectives and hitting all the targets at
risk (Fig. 13).

Three-Dimensional Geosteering

In some directional drilling operations, a target in the
reservoir cannot be reached by drilling along a planar
two-dimensional well path because of underground
obstructions, such as faults or existing well bores. In
such extreme conditions, a three-dimensional well
trajectory is usually designed. Special care should be
taken during due diligence (and GWOP) since changes of
azimuth will restrict possibilities of inclination build/drop
for any steering BHA (Fig. 14). A balance between these
parameters should always be maintained. Depending
on a geological environment for which the trajectory

is designed, certain confinements are always built into
the design (e.g. 3.0 degrees per 100 ft DLS restriction,
cumulative azimuthal change along the wellbore not
exceeding 90 degrees etc.).

From the geosteering perspective, two-dimensional
or close to two-dimensional trajectories with minimal
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DRILLING

Liesien, KOTOPOE MOXKET MoTpeboBaTLCs NPy BypeHnm.
VIMEHHO 30ECh NMPUMEHSAETCS aKTVBHbBIV FEOCTUPWHT, YTOObI
CKOPPREKTNPOBATL NJ1aH 4719 (aKTUNHECKNX YCNOBUI.

CueHapui Harxyauero clyyas BK/KYaeT TRAeKTOPUIO,
KOTOpasi HeNpUrogHa A/19 reocTprHra 13-3a
OrPaHNYEeHNIA HAKITOHHOTO BypeHns (Hanpumep,
ananasoHbl MO, 3agaHHble nepen OypeHnem, n
orpaHunyeHns conpoBoxxaeHnst KHBK). 91o npoucxogut
Torga, Korga sannaHupoBaHHas V10 TpaekTopun Mexay
LeNsSIMN HaXOOUTCH Ha rpaHn OOCTVKEHUS (Hanpumep,
TPaEKTOPUSI CO CAMLLKOM BbICOKOM 11O Mexay CAULLKOM
OOMbLUMM YACIOM Lenen). B Takmx cuTyaumsax ocTaeTcs
MaJs10 BO3MOXXHOCTEN KOPPEKTNPOBATL TPAEKTOPUIO U
nonagarb BO BCE LN, eC/M 1X NOSIOXKEHWE TpedyeT
n3mMeHeHus. beccnopHo, Npr reoCTUPUHIE HEODXOAMMO
KOPPEKTNPOBATb TPAEKTOPUID, HO CYLLIECTBEHHOE
HenpeOBVOEHHOE PACXOXKAEHME C 3anaHNPOBaHHbIM
3HaYeHVEM (a3MMyTasbHbIM W HaKIOHeHWs, V1O, annHbl,
0BLLEeN ryBrHbI) MOXET MOABEPrHYTb PUCKY PELIEHME
BCex 3afay 1 nonagaHue Bo Bce ueam (Puc. 13).

TpexmepHbI reOCTUPUHT

[Mpr HEKOTOPLIX OnepaLmsaX HAKITOHHOMO BypPeHVs LiEb
B M/J1acTe He MOXET ObITb JOCTUMHYTa MyTeM BypeHns
BAOJIb NJIAHAPHOW OBYMEPHOM TpaeKTopun CTBoa
CKBaXXMHbI 13-3a NOA3EMHbIX MPENATCTBUN, HaNpUMep,
COPOCOB NN NMEIOLLIMXCS CKBaXKWH. B Takmnx KpamHmx
0BCTOATENBCTBAX OObIMHO MPOEKTURYHOT TPEXMEPHYHO
TPAEKTOPUIO CKBaXKMHbBI. BO BpeMsi KOMMIEKCHOro
aHanmaa (1 NCHB) HeobxoanMo BbITb KpaHe
OCTOPOXXHbIM, Tak Kak M3MeHeHWsl a3uMyTa orpaHmuyaT
BO3MOY>XHOCTM HaKJIoHa BBEPX/BH3 Npu IK0O6OM
conpoBoxxgaemom KHBEK (Fig. 14). Heobxogumo Bceroa
noaaepXX1BaTth banaHc Mexay 3TVMK NapamMeTpamu.

B 3aB1CKMMOCTI OT reonornyeckon 06CTaHOBKM, ONs
KOTOPOW MPOEKTUPYETCH TPAEKTOPWSA, HEKOTOPbLIE
Mepbl MPENOCTOPOXKHOCTU BCEraa BCTPaBatoTCS B
NPOeKT (Hanpumep, orpaHudeHre 110 3,0 rpagycos Ha
100 dhyToB, 0bLLLEE UBMEHEHME a3MMYyTa BOOb CTBONA
CKB2XXWHbI He npeBbiwaeT 90 rpagycoB v T.4.).

C TOYKM 3PEHNS FEOCTUPUHIA ABYXMEPHbBIE NN

61m3KMe K OBYXMEPHbIM TPpaeKTopnn ¢ MNHNMasibHbIMU
as3vMyTasIbHbIMM U3BMEHEHUSIMU JIErde BCEro BypsiTcs.
Camoe 60/1bLLIoE NPENMYLLIECTBO MrEOCTUPRWHIA MPU TaKoM
OBYXMEPHOM MPOEKTUPOBaHUM ByOET MOSyYeHO 3a CHET
cBefeHna K MMHUMYMY U OTCYTCTBUSA VICKaDKEHWM
MPEACTaBNEHNS TPAEKTOPUI B pa3pese. STO OKa3biBaeT
CYLLIECTBEHHOE BINSHNE HA PaCHETbI HAKIOHEHNIA

NPV MOHVXEHWN U Ha 6OS1IEE TOYHbIE BEINYMHDI
FOPV30OHTa/TbHBIX U BEPTUKASIbHBIX PACCTOAHNNA.

BbiBoabl

Bce BbiLLeyNoMsHYTbIe acrneKTbl B3anMOCBA3aHb! U
BAVSIOT OPYr Ha Apyra Ha pas/ndHbIX 3Tanax npoLecca

www.rogtecmagazine.com

azimuthal changes, are less challenging to drill. The
biggest geosteering benefit from such two-dimensional
design will be obtained through minimal or no distortion to
the projected trajectories represented on cross-sections.
This will impact significantly on dip inclination calculations
and horizontal and vertical distances resulting in more
accurate numbers.

3AnAg | CKBaXWHa BOCTOK
WEST |} well EAST

e
NOMEPEYHOE CEYEHVE
CROSS SECTION

MOCTOAHHbIN a3umyT

CEBEP constant azimuth

NORTH -~

NOCTOAHHbIN a3UMyT
constant azimuth

Puc. 14: O6pasel, 0omxHbIM 06pa30M NMOCTPOEHHOM TPAEKTOPUN,
KOTOPAas ypaBHOBELLNBAET Yroa BOCCTaHWS 1 yros noBopoTa
(M3MeHeHNs HakNoHeHWst 1 aslMyTa). KpacHble OTPe3Ki
TPAEKTOPUN — 3TO ee YacTW, BOOb KOTOPbIX AOCTUratOTCS
npenesbl OrpaHNYeHNin HaKIOHHOMO BypeHns (Hanpumep, 3,0
rpagyca V10) 13-3a TpebyroLLEerocs Pe3KMX N3MEHEHWIN HAKIOHA.
LNs DOCTVKEHNS TaKNX PE3KMX U3MMOOB BCE BO3MOXXHOCTU
VMHCTPYMEHTOB COMpOBOXXAEHNA OOJIKHbI ObITb Hanpas/ieHbl Ha
N3MEHEHVS! HakTIOHeHNM. CBblILLE 3TOrO PACCTOSIHNS HUKaKue
a3VMyTasTbHblE N3MEHEHVSI HE By ayT BOSMOXXHbI.

Fig 14: An example of a properly designed trajectory that balanced
the build and turn rate (inclination and azimuthal changes). Reddish
sections of the trajectory are parts of the trajectory along which
directional drilling limitations are reached (e.g. 3.0 degrees DLS) due
to sharp inclination changes required. To achieve such doglegs all
steering tool capabilities should be directed towards changes of
inclination. Over that distance no azimuthal changes will be possible.

Conclusions

All of the above-mentioned aspects are interconnected
and influence one another at different stages of the
geosteering process. For instance, a correctly chosen
RSS system will allow drilling a required well path and the
tool responsiveness to the geosteerers’ command will
not be jeopardized by the type of drilled formation. The
BHA and its ability to deliver specific dogleg range will
directly affect the geosteering performance while drilling,
producing desirable on-target trajectories. The actual
well trajectory and its deviation from the plan will also

be directly affected by well-defined uncertainty envelope
ranges for the geological target. Even if the range of
uncertainties cannot be minimized, a knowledge of such
range can provide mitigating options that prepare for this
eventuality. Prior drilling awareness of all the sections
where azimuthal changes (turn rate values) will reach the
maximum allowed values for DLS, prevent planning an
unrealistic BHA performance and reduce the possibility
of missing a target. Finally, more robust planning, due
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reocTupuHra. Hanpumep, npaBuiibHO BbibpaHHas
cuctema PYC no3BomnT BypuTb TpedyeMbIi CTBOS
CKB2XXWHbI, U Y4yBCTBUTENIbHOCTb NHCTPYMEHTA K
KOMaHOaM BEAYLIEro reOCTUPVHI, HE OKaXXETCS
MOABEPXKEHHOW HEraTUBHOW 3aBUCUMOCTW OT Tuna
nopoabl, KOTOPYHO HY>XHO BypuTb. KHBK 11 ee
CMOCOBHOCTL NOJTyYaTh KOHKPETHBIV AMana3oH yrna
OTK/TOHEHNS ByOeT HaNPSMYHO BAINSATL HA Ka4eCTBO
reoCTUpUHIra Npu BypenHnn, Noyyas Hy>KHble 1 TOYHbIE
TpaekTopumn. PakTndecKast TPAEKTOPUS CKBEXKMHbI 1

ee OTK/IOHEHNS OT MjaHa ByaeT Takke NoaBepraTbCs
HEMoCpPeNCTBEHHOMY BIVGHNIO XOPOLLIO MPOCHUTaHHbIX
OVana3oHOB 30H HEOMPEAENIEHHOCTU A1 FE0NIOMMHYECKOM
uenn. Jake ecnn gyanas3oH HEoNpPeaeeHHOCTEN He
MOXET ObITb CBEAEH K MUHUMYMY, OCBEOOM/IEHHOCTb

O HEM MOXKET 0BeCneunTb BOSMOXHOCTU €ro
YMEHBLLIEHWS, KOTOPbIE MPUrOAHbI A1 4aHHOrO

chnydad. [Jo bypeHus 3HaHne 060 BCex OTpeskax, rae
a3UMyTasbHbIN U3MEHEHUS (BEIMYMHBI Yr1a MOBOPOTA)
OOCTUMHYT MakCUMaUTbHO AOMYCTUMbIX BESNYNH A5

V1O, npenoTBpaTaT NiaHMpoOBaHMe HEPEeaMCTUYHBIX
napameTpoB KHBK 1 CHU3ST BEPOSTHOCTb MPOMaxHYTbCS
MUMO Lenn. U HakoHeL, 6onee HagexXHOe NaHMPOBaHNE,
KOMMJIEKCHbIV aHanm3 1 nposeneHne CHB ceepet

K MUHUMYMY HEOBXOOMMOCTb HEOXKOAHHOMO PE3KOro
HaKTOHEHWS U a31MYTaTbHbIX USMEHEHIA 019 FapaHTUM
MPOHVKHOBEHWSA BO BCE 3ar/1aHMPOBaHHbIE LIESTN.

Mo3TOMy, €C/IM PACCMOTPETL BCE BhiLLENPUBEAEHHbIE
acneKTbl Ha 3Tane MnaHNPOBaHVS, OHM MOCMOCOOCTBYHOT
NPOLIECCY MPUHATUS PEeLLEHNI MPY Fe0CTUPUHIE BO BPeMs
BypeHnst 1 MO3BOMSAT MOJTyYaThb POBHbIE, MPEACKa3yemble
1 ONTUMaJTbHO PACTIONOXEHHbIE CTBOJIbI CKBAXKMH.
TakoBa KoHe4YHast Liesb loboro npoLecca reoCTUpUHraL.
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diligence and conducting a GWOP exercise will
minimize the need for unanticipated sharp inclination
or azimuthal changes assuring penetration of all the
planned targets.

Therefore, once all the aspects above are considered
during the planning stage, they will support the
steering decision-making process while drilling and
allow for delivering smooth, predictable, optimally
placed wellbores. This is the ultimate objective of any
geosteering process.
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