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BeeneHune

[aHHas cTaTbs pacKpbIBaeT YHWKasbHbIM OMbIT
CTPOUTENBCTBA MHOI03a60MHbBIX CKBaXKMH C
00/1bLLIMM OTXO40M B paMkax nporpamMmbl BypeHust
2020r. koMmnaHum Pencon B LiEHTPanbHOW YacTu
3anagHom Cubupu. MNporpamma paboT cocTosdna 3
CTPOTENbCTBA ABYX CKBaXMH C VX NOCNEOYIOLLIUM
NCMbITaHMEM.

®oKyc Ha 6e30NacHOCTb U KOHTPOJIb
KayecTBa

Mpv NoAroToBKE M BO BPEMS peanaaumm
[aHHOro MPOKTa raBHbIV MPUOPETET OblN yaeneH
[NpownsBoacTBeHHOW BesonacHocTy 1 KOHTPOIO
KauecTBa (mpoLeccoB 1 060pya0BaHUS).
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Introduction

This article looks the a case study of uniqgue HMTL
(Horizontal Multilateral) ERD project that Repsol as a part
of a local Joint Venture has executed in Russia in 2020
within its Exploration and Appraisal campaign in the
central part of West Siberia. The project included drilling
of two complex shallow ERD Multilateral wells and their
subsequent extended well tests.

HSE and QAQC Focus

Repsol places the utmost importance to HSE and
quality. During the project, a Project Management
Approach ensured a special focus was given to HSE and
QA/QC during all operations and at every stage of the
project.
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DRILLING

Lo Havana npoekTa 6binm NpoeeaeHbl «<XA3W» ceccum
Mo ONpeneneHnio PUCKOB BO BPEMST JTOMUCTUYECKIMX
onepaunn (Mo6/0emob), Bypenust, UCMbITaHNS
CKB2XXVH C y4aTCUEM BCEX KOMMaHWIM y4aCTHUKOB. Bo
BPEMS VCMOIHEHNS NMPOEKTA N OCYLLECTBNEHNST BCEX
MPOM3BOACTBEHHbBIX onepaLuin 66110 o6ecnedyeHo
HaxoXaeHne Ha O6beKTe JOCTATOUHOIO KONMYECTBO
KOMMETEHTHOIO TEXHNYECKOrO NMepcoHasia CO CTOPOHbI
KomnaHum Onepartopa ans cobnoaeHus BCex Mep
6ezonacHocTu. [1Ba uHxxeHepa INb (MpOoMbILLIAEHHOM
6e30MacHOCTN) Ha NOJIEBOM aBTOHOMHOM OObeKTe

1 OaMH NHXeHep Mb Ha NPOV3BOACTBEHHOW

6aze obecneynBav HEMPEPbIBHBIM KOHTPOJb 3a
6e30MacHOCTbLIO 1 peann30BbiBaIv BCE MEPONPUATUS
(y4ebHble TPEBOrU, OLIEHKM PUCKOB, PErYISPHbIE
WNHCMEeKLUN, 0BCy>KaeHWs 1 0hopMeHe HapsaoB
Oonycka, 1 T.4.) HanpaBNEHHbIE Ha MOBbILLEHNE YPOBHS
N KyNbTypbl 6e30MacHOCTN.

B oTHoweHnn KoHTpona Kavectsa Obinn paspaboTaHbl
NHAVBUOYyaIbHblE MPOrPaMMbl C KaXKAbIM CEPBUCHBIM
noapsaYMKOM Mo NOArOTOBKEe 0OOPYAOBaHWUS nepeq,
Ha4yanioM paboT cnenys MexxayHapoaHbIM CTaHOapTam
N BHYTPEHHUM TpeboBaHmsaM KomnaHum Pencon. B
npoLiecce NOArOTOBKM HEMOCPEACTBEHHOE y4YacTe
ApUHMaNV NPeacTaBUTENM KOMAAHUM — onepaTtopa:
NHXXEHepbl NPOEKTa N HE3ABUCKMbIE VHCMEKTOPDI,
obecneyvBaroLLie KOHTPOTb 3a NPOLECCaMu MPUEMKMA
BCEero 060pyaOBaHNs BblAEIEHHOIO Mo, NPOEKT, U
COBIOAEHME BCEX MPOoLEedyp M 3aniaHnpoBaHHbIX
0B6BEMOB PaboT.

KaTeropvm CJTOXKHOCTU CKBa>XUHbI

[Be CkBaXKWHbI, NPOBYpPEHHbIE B paMKax
onepaumoHHon nporpammbl 2020, cornacHo
MEXOyHapOoaHOW Knaccupukaumm nonagarT B
FPYNMy CKBaXXWH C 60MbWMM OTXO40M Mpu ManbIx
BepTUKasnbHbIX FybuHax ¢ KoahOULMEHTOM
CNIOXKHOCTU 2.9.

Habop 3eHUTHOrO yrna 06enx CKBaXKMH Ha4yMHAETCs C
rny6uHbl = 100 M HVXKe cTosa poTopa.

Tpaexkopus CKBaxkUH Bblfia CrlaHMpOoBaHa No NceBao-
KaTepHapHOMY MpoduIo, NpeanonararoLLemy
NMOCTENeHHOE 1 PaBHOMEPHOE YBENNYEHME
WNHTEHCUBHOCTW VICKPUB/EHUSI CKBaXKWHbI C F1yOUHOM 1
POCTOM 3eHUTHOro yria ot 0 go 3/30M oo vHTepBana
ycTaHoBkM THO B KOHLE CekLun SKcnyaTaLyOHHON
KOJIOHHbI Ha, KPOB/en NpoayKTUBHOrO niacta. B
FOPU30HTAsIbHOM CEKLN NHTECUBHOCTb UCKPUBNEHNS
JocTurana 3HadeHnii 0o 97/30M B MHTepBasie 3ape3ku
OOKOBbIX CTBOJIOB.

[MpermyLLecTBO BbIGpaHHOrO NPOMUIA 3aKHoHaeTCs
B 3HQUUTESTIBHOM CHVDKEHUM KPYTALLErO MOMEHTa U
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On the HSE side - HAZID sessions were performed
during operational planning (for logistics, mob/demob
operations, drilling, testing) and during the execution
phase, sufficient resources were allocated from
operator’s side - two Field HSE engineers and one
Regional Office HSE engineer, led by example in all
operational safety practices.

On the QA/QC side of the business, a purposely
designed campaign had been developed and executed
with each service and material provider individually,
enabling them to follow best practices and Repsol’s
internal procedures.

ERD Classification & Trajectory

As per global industrial benchmarking, two wells that
were drilled during the 2020 Campaign fall into the
Shallow Extended Reach category with an average ERD
ratio for main bore and all branches of 2.9.

Both wells have shallow kick-off, in surface section at =
100m MDRT.

The well’s trajectories were designed to have pseudo-
catenary profiles which assumes low initial build rates
with a continuous increase of the dog leg severity,

DLS (in steps) as the inclination angle increased. The
maximum DLS figures were maintained as 37/30m above
the ESP pump interval located close to the horizontal
section and 9°/30m within the target reservoir.

The benefit of the selected well paths assumed there
was sufficient reduction in drilling torque as well as a
casing wear mitigation. Both are of great importance,
in the given case, it was important to considering the
significant amount of string rotation hours during the
massive directional work in the horizontal section of
the well. Another advantage attained by minimizing the
drag forces, the target depth provided more favorable
conditions for a 4.5” liner installation.

The largest reservoir exposure amounted to 7657 meters
of horizontal drilled length, which is a worldwide Repsol
record.

Subsurface Overview & Geomechanics
In order to better understand the rationale behind
the well design solutions such as the complex well
trajectories and others, - it is important to give

an overview of the local geology and subsurface
environment.

The geological cross section itself is quite simple,

consisting mostly of clays and claystone lithologies
above producing horizons.
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B bYPEHVE

OCEBbIX HArpy30K Mpu BypeHUM, a TakxKe CHUDKEHM
n3Hoca o6cafHOM KOMTOHHbI OT BO3AENCTBMS paboThl
OypuNbHOro NHCTPYMeHTa. B cnyyae gaHHoro tmna
CKBaXKNH UMEET MECTO 3HAYUTENbHOE KONIMYECTBO
060POTOB BpaLLEHWs BYPUIBHOM KOMTOHHbI 1 YacoB
LUMPKYISLMN My BYPeHnM BCEX CTBOJIOB MOpU30HTasIbHOW
cekumm. CHIKEHNE OCEBBIX HAarpy30K cO3aaeT
6J'IaFOI'IpI/I9|THbIe YCNOBWA 1 MOBbILLAET LLIaHCbl yCNeLwHOro
CMyCKa HYDKHErO 3aKaHuMBaHVs ((puIbTpa-XBOCTOBMKA).

MakcumanbHas NpoxoaKa rno NPOAyKTUBHOMY MiacTy
cocTaBmna 7657 METPOB Ha OOHOW U3 ABYX CKBaXKMH,
4YTO ABSISIETCS PEKOPAOM B KoMnaHum Pencon cpeam
BCEX MEXAyHapOAHbIX MPOEKTOB.

Feonorna n reomexaHnka

Lns nydwero noHMMaHWs NPeanoChiIOK K BbIDpaHHOMY
,D,I/ISaI7IHy CKBa>XVHbl 1 MCMNOJ1Ib30OBAHHBIM TEXHNYECKINM
peLleHnaM, TaknM Kak KOHd)I/IrypaLI,I/Iﬂ TpaekTopunn,
KOHCTPYKUWSA CKBa>XMHbI, TEXHOIOIMMA 3aKaH4YBaHWA

1 ap. - BaAXKHO MMeETb npefcTaBsieHe reosiorm4eCkKnx
YCNOBUIA NPOEKTA.

[feonornyecknin paspes 4OCTaTOYHO MNPOCTOW, U
COCTOUT MPEUMYLLEECTBEHHO 13 MIVH U aprfINTOB BbiLLe
NPOOYKTUBHOIO njacTa.

B paspese nmeeTcs gpa necyaHblx KONNeKTopa
PacrnoIOXEHHbIE Ha PaccTosdHUM ~ 120M No BepTUKan
Opyr oT apyra, pasneneHHble MNHNUCTbIM MHETPBAasIOM.
MOLHOCTb KaXXOoro MHeTpBana HeBeKa U COCTaBNAET
14 n 19 M cooTBETCTBEHHO. [11acToBOE JaBneHue

B 0OOUX 3a5exax HKe OaBieHns HacbILLeHs:,
COOTBETCTBEHHO KaKXbl KOJIIEKTOP NMEET

rasoByHO LLAMKy, a TakXKe BOAOHAMOPHbIN MAACT HKe
HedTeHaChILLEHHOW 30HbI.

PexxvM gaBneHvst No paspesy CKBaKMHbI — HOPMaslbHbIN,
6M3KMIA N0 FPAAMNEHTY K MMaOpOCTaTUHYECKOMY.
TemnepaTypHbIi rpaaneHT paBeH 4.2 rpag / 100 m.
Koppo3moHHble COCTaBASAIOLLME B MIACTOBOW
NPOAYKLUMA, TaKne Kak YreKUCIbIn ra3 1 cepoBoaopoa,
OTCYTCTBYIOT.

Reservoir Sketch

S 2

Shallow Marine Depositional Enviroment

Anticlinal Reseroir Structure
Cretaceous Formation

Presence of Faults &
Hard Silicified Lenses

Siltstone & Claystone Lithology

Puc. 2: Cxema NpopyKT1BHOM 3anexu
Fig. 2: Reservoir formation sketch
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Puc. 1: TpaekTopusi CKBaXKMHbI
Fig. 1: Well trajectory

There are two geological targets (clastic reservoirs) ~
120m apart from each other in a vertical section. The
thickness of both is quite small ~ 14 and 19 meters
respectively. Both reservoirs are undersaturated with a
gas cap above and an aquifer below.

The reservoir has a normal pressure regime, almost
hydrostatic. Temperature gradient is 4.2 deg / 100 m.
No sour gas presence (neither CO2, nor H2S - sweet
environment).

The target reservoir is represented with a thin lamination
of siltstones with claystones. The sketch below shows
how the oil-bearing sand lenses are distributed within the
clay stone massive (succession).

At this moment it should be clear, that the decision to
drill such complex well trajectories is driven by the need
to achieve the largest reservoir exposure. Fracking is

not viable since the fracture propagation cannot be
controlled in such a narrow oil window risking penetration
of the water or gas cap. Acid treatments or any other
stimulation techniques do not work either in the given
reservoir lithology and minerology content.

In regards of geomechanics, the field is characterized

by a normal fault stress regime where vertical stress is
dominating and horizontal stresses are pretty much equal
in all directions. (The field horizontal stresses anisotropy
(~ 5%), so there is a minor difference wellbore-stability
wise in the horizontal direction.

The existing claystone succession is very unstable and
prone to breakouts in particular in highly deviated open
hole intervals (related to the Intermediate Section). At the
same time, due to the shallow depth environment, fluid
loss and fracture gradients present relatively low values.
All the above make the drilling window rather narrow.
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DRILLING

MpoayKTVHbIM NNacT NpeacTaBaeH TOHKNM
nepecnaMBaHvemM IMH3 afieBpoinTa 1 aprinavTa.
CxemMaTn4HOE N300paKEHVE 3a1EXM MPUBEAEHO HA
pucyHKe Ne2.

[MOHSAB CTPYKTYPY KOJIIEKTOPA Cpasy CTaHOBUTCSH
OYEBUAHbBIM, YTO peLleHne BypUTb CKBaXKMHbI MO
TPAEKTOPUSM TaKMX CNOXHbIN KOHPUIypaumii BbI3BAHO
HEOOXOANMMOCTbLIO JOCTU4Yb KaK-MOXXHO O0JIbLLEN
naowaam APEHHMPOBaHNS. ANbTepHaTBHAsS ONUMs

C MMapopaspbIBOM Miacta B JaHHOM Crlyvae He
NPeACTaBASAETCS BO3MOXKHOW MOCKOJIbKY €CTb PUCK
PacnpOCTPaHEHV TPELLVHbI B Fa30BYO LUAMKY,

B0 B HMpKe3aeratoLLyii BOOOHAMOPHbIV MIacT, YTO
HEMPUEMIIEMO C TOYKM 3PEHUS SKCMTyaTaumn. KncnotHas
0bpaboTka nnacTa v gpyrve BapuaHTbl CTUMYNSLAN
NPU3ab0MHOW 30HbI HEMPUMEHVMBI OJ19 KOSIIEKTOPA
OaHHOW NIUTOI0MM N MUHEPAJTOTNYECKOrO COCTaBa.

B oTHOLLEeHU reoMexaHnKy Ha MeCTOPOXOeHNN
npeobnagaeT HopmasibHbIM COPOCOBbLIN PEXMM

C rNaBHbIM 1 cambiM 601bLLIMM — BEPTUKAbHBIM
HanpshKeHneM (ropHOe JaBNeHME) 1 ABYMS
FOPU3OHTASTbHBIMU HAMPSYKEHNAMU BAN3KIMU OPYT K
OpYry no CBOMM abCoMOTHBIM 3HAYEHUAM. AHM3OTPOMNUS
FOPW3OHTA/IbHbBIX HANPSXKEHM cocTaBnsaeT ~ 5%, 4TO
0O3Ha4aeT MUYHMUMAasTbHYHO PasHuLLY B YCTOMYNMBOCTU
FOPN30OHTasIbHbIX CTBOJIOB MpUn NX 6ypeH|/||/| B pa3HbIX
a3nMyTasbHbIX HaNpPaBEHUSX.

3anerarownin Boillie NPOOYKTMBHOIO niacTta rIVHACTbIN
NHTEPBaT O4EHb HECTABUEH I CKITOHEH K ODPYLLEHWSM,
OCBEHHO B MHTEpBasiax BbICOKOrO 3€HUTHOMO yria
(KOHeL, MPOMEXXYTOYHOW cekLmm). B To xxe camoe

BPEMS 13-3a Masion BEPUTKASIbHOW F1yOVHbI 3aeraHns
NPOAYKTMBHOro niacta (~777 M abc. OTM.) rpagneHTbl
MOrNOLLEHVA U TMAPOpaspbiBa niacTta UMeroT
OTHOCUTENIBHO HU3KME 3HAYEHNS], YTO 3HAYUTENBHO
CY>XaeT rpaHnLpl OKHa BypPeHUs No AaBNeHNAM U
YCNOXHAET yCNoBus BypeHus.

OCco6eHHOCTU KOHCTPYKLUNK

n ,u,w3a|7|Ha CKBa>XUHbl

B nmpogomkeHme 063opa reonorum NpoexkTa BaXkKHO
OTMETUTb Takre (PaKTOopbl, Kak OTCYTCTBYME B

pa3pese NHTEPBAIOB aHOMa/IbHO BbICOKOMO/HU3KOIO
OaBNeHnin, OAHOPAHOCTb JIMTOIOMMK MO pPaspesy, YTo
npeaonpeasnnio OCTaTOYHO NPOCTYH KOHCTRYKLMIO
CKBaXXMH. Bonee Toro, BbIbpaHHasd TPEXKOIOHHASs
KOHCTPYKLMSA SBASIETCS JOCTATOYHO CTaHAAPTHOW B
oTpacnu, bblna paHee NpPoBepeHa 1 ONTUMM3MPOBaHa
Ha 6onee NPocTbIx 10-TW NPedbIAYyLLMX CKBaXKUHAX,
MOCTPOEHHbIX KoMnaHuen Pencosn Ha gaHHOM MPOeKTe.
KOHCTPYKUMS CKBaXKNHBI COCTOUT 13 CRedyroLLIX MO
pa3mMepy KOMOHH: 12-3/4” (323.9 Mm) Hanpasnerve, 9-5/8
(244.5 mm) kKoHOYKTOP, 77 (177.8 MM), OKCnyaTauMoHHas
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Well Design Considerations

Continuing from the geological summary, there are no
abnormal pressure intervals within the cross-section,
lithology is rather uniform. Hence, it was central to drive
the simplistic design that both wells have. Moreover, that
common and unsophisticated 3-phase well design is
field proven and has been optimized along the 10-wells
exploration campaign that Repsol has undertaken in the
field. The well design assumes conventional sizes: 12-
3/4” conductor, 9-5/8” Surface, 7” Production casing,
finishing with 4.5” liner-screen installed in horizontal
reservoir section (only one main bore is cased with a liner
screen at the last two multilateral ERD wells).

The uniqueness of the well design consists in the first
ever approach to utilize ultra low viscous Water Base
Mud (WBM) for drilling the most challenging and longest
horizontal section. To mention that previous offset drilling
experience was with Oil Base Muds (OBM) application.

That new concept proved to be feasible and rather
effective. ECD was well managed within wellbore stability
window, mud handling and cuttings treatment ended up
being easier, safer and more environmentally friendly, and
at last having positive compatibility with the reservoir. The
greatest advantage was achieved at cost side, for WBM
solution being considerably cheaper, as the main mud
treatment process — continuous dilution was enabled just
by drill water against expensive base oil in OBM.

To justify the concept and confirm assumptions of

the water base system application several tests were

performed during the planning phase:

e |nhibition test with samples of the core: Monovalent
brines NaCL, KCL, NaOH (pH=9) sufficiently inhibits
the core samples.

e CEC test — to measure drilled solids reactivity.
Resulting in evidences that indeed drilled formations
could be considered low reactive (performed on
existing core sample).

e PST Test - performed to ensure that the production
screen will not get plugged

Good hole cleaning was granted by the Turbulent Flow
regime that was possible to achieve due to thin mud
rheology and ensured by the best operational practices
for ERD wells.

The completion design strategy of the five horizontal
lateral bores considered casing only the main bore with

a 4.5” liner and leaving the laterals open. That decision
to leave lateral boreholes non-cased was to assess and
monitor the incremental production and understand how
long the open hole laterals would sustain production flow
rates and when the boreholes would collapse. Extensive
geomechanics studies were performed in this regard with
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B bYPEHVE

KOJIOHHA, 1 4.5” (114.3 MM) UNbTP-XBOCTOBVIK,
CMyCKaeMbIM B FOPU30HTASTbHYHO CEKLIMIO MPOOYKTUBHOMO
nnacta (Ha NoCNeaHNX ABYX MHOr03aboMHbIX CKBaXKMHAX
¢ BOB xBOCTOBMK 6bI/1 CRYLLEH TONIBKO B OCHOBHOM
CTBOJ1, OCTaB/IAs Opyriie 60KOBbIE CTBOSbI OTKPbITHIMM).

YHWKanbHOM 0COOEHHOCTbLIO AM3anHa 1 TEXHOI0MN
OypeHUNs OaHHbIX CKBaXKUH ABMSETCSA NEPBOE
NPUMEHEHME pacTBopa C Y/IbTPaHW3KOW Peoiornen
Ha BOAHOW OCHOBE ONs BypeHnsa Hanbonee OMHHbIX
N CNOXKHbIX FOPU30OHTaNIbHbIX CEKLIMIA B TO BPEMS,
Kak npegplaylime 6onee NpoCcTblie ropu3oTanbHble
CeKUMn Ha OaHHOM MPOEKTe U1, Kak npaBuso, BCe
CTOXKHbIE FTOPU30HTasIbHblE CKBaXKVHbI B OTpac/n

Ha CEroaHALLIHNM OeHb BYPATCHA C MPUMEHEHNEM
pacTBoOpa Ha yrneBooopoaHON OCHOBE.

OTOT HOBbIV KOHLIENT Ha NpaKTUKe oKasascs

pabo4rM 1N 0OCTATOYHO SPPEKTUBHbIM. DL
(eKBMBaNEHTHAsA LMPKYNALUMOHHASA MIOTHOCTB) XOPOLLO
KOHTPOIMpOBanach B Mpeaenax rpaHuL, yCToMYnBoCTH
cTBONa, 06bpaboTka pacTBopa 1 yTuamnaaums

OTXOM0B OKasanMcb HaMHOMO MPOLLE B peannsaLun,
6e3onacHee 1 3KONOrMyHee No cpasHeHnto ¢ PYO,
6e3 KakKoro-nmbo AoNoSHUTENbHOIO HeraTMBHOIO
BO3OENCTBUA Ha NPOOYKTUBHbIM NAacT. [ 1aBHbIM
OOCTVXKEHMEM B JaHHOM BOMpOce Oblfla 9KOHOMUS
3aTpaT Ha NPUroTOBIEHWE U NOAAEPXKAaHNE CBONCTB
CUCTEMbI PACTBOPOB Ha BOAHOW OCHOBE, MOCKOJIbKY
NPOLLECC NOCTOAHHOIO pasbaBneHns OCyLLEeCTBNANCS
3a CYeT BBeAeHMs NPpoCcToro paccosa, no cpaBHeHUIo
C O0pOoruM 6a3oBbIM MacsIoOM, B Cllydae npruMeHeHus
PYO.

[nga noarBep)xaeHNs KoHLenTa nprumMeHrnMocT PBO
019 FOPU3OHTAaSIbHBIX CKBaXKMH B A@HHbIX FTOPHO-
FE0STIOrMYECKUX YCIOBUSAX Ha aTarne nnaHnpoBaHus Obin
NpoBeaeHbl cnenytoLLve nabopaTopHble UCMbITaHVS:

e TecCT Ha HabyxaHme obpasLia ropHoW Nopoap!

(KepHa) NOrpPY>XEHHOrO B Pa3/IMYHbIE PELIENTYPbI
pacconoB NaCL, KCL, NaOH (pH=9) npwn nnactosom
TemMnepatype Ha 30 OHel - N1aHOBOE BpemMs OypeHunst
FOPU30HTATbHOM CEKLNN CKBXXMHbI, B TEHEHME
KOTOPOro pacTBOP HAXOOUTCS B KOHTAKTE C FOPHOM
nopoaown.

e TecT Ha eMKOCTb kaTnoHHoro obmeHa CEC — ong
OLIEHKV PEaKTUBHOCTU TBEPObIX YaCTUL, BbIOYPEHHOM
nopoabl.

e CUTOBOW aHaIM3 MPOXOXAEHUS BblIOYPEHHbIX TBEPAbIX
yacTuL, nocne B3aumomOencTeus ¢ cuctemon PBO
yepex KynoHbl(0bpasupl) huibTpa-XBOCTOBUKA.

XopoLllas o4mcTka cTBo1a bbiia obecneyeHa co3naHnemM
TYPOYNEHTHOrO PeXiMa, KOTOPbIN MOSYy4YMIOCh
[OoCTMYb Bnarogaps ybTPaHN3KOoM peosioriin pactesopa
HaPS4y C NPUMEHEHVEM JTyYLLIKX ONepaLmOoHHbIX
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the key output being the drawdown strategy developed
that allowed smooth stresses redistribution with the
appearance of so-called “Arch Effect” during the well
flow period.

The liner string itself was designed as a combination
of screens and blank joints, that are distributed across
the intervals with better and worse reservoir properties
respectively.

Well Design Sketch

MD/TVD

50m 393.7mm 15
1/2" Conductor hole

Conductor 12 %" (323.9 mm), OTTM, D, 11.0mm, 84.8 ka/m
Surface csg. 9 5/8” (244.5mm), BTC, K-55, 8.94mm wall, 36 ppf

523m/510.0m
295.3mm (11 5/8°) Production csg, 7° (177,8mm), TMK PF, K-55, 8.05mm wall, 23 ppf

Surface hole

ToL 1200m
1210m/862.5m 220.7mm
(8.69") hole

3210m/862.5m 155.6mm
{6 1/8”) Production horizontal hole Liner-Screen 4 J5* (114.3 mm), Premium Conn HT,
P-110,6.88 mm woll, 12.6 ppf

Puc. 3: KoHCTpyKUMS CKBaXKMHDI
Fig. 3: Well Design Sketch

The lower completion string had a double contingency
to plan against any risks of a failed run and installation
which was estimated by the torque and drag modelling.
T&D simulation models presented a risk of Liner
Installation and Reaching TD with WBM in case of
poor hole condition and high FF (FF>0.35, which could
be very possible). Therefore, doubled contingency was
planned in a form of;

e Downhole swivel, that would allow to remove axial
drag of the landing string in cased hole, by applying
rotation of the same landing string. The option was
taken into account and planned for as the length of
landing string is quite significant, so the idea was to
estimate such effect.

e High Torque connections, which in a worst case could
let us rotate the whole running string

Another reason for a double contingency was the lack of
knowledge of how the WBM would perform, as well as
the need to test options for a full field development case.

In regards of the upper completion, it was designed to
allow for an extended well test and included the ESP as
artificial lift option, DTS (Distributed Temperature Sensing
with optic fiber) was placed along the horizontal reservoir
to control inflow contribution from different intervals (real
time) as well as memory pressure gauges (not Real-
Time), all conveyed downhole to TD via 1.9” Tail pipe
(tubing) inside 4.5” Liner. Swellable packers (oil-water
reactive) were placed from each side of the sidetracking
windows to provide opportunity for selective laterals
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Lower Completion Components

= 3.5” HWDP Landing String

Baker Mesh (Premium) screens
— Mesh size = 250 micron

= Downhole Swivel Master N

] 4Y%2” P110 19.3 ppf

= Liner Hanger (Rotational)

Thread = TMK PF ET (extra high torque)

= 4.5” Baker Mesh Screen (50%), Premium
= 4.5” Blank Pipe (50%), Premium
= Swell Packers x5 pc

Swivel Master
. For Selective rotation of 3.5” HWDP
P Land. String

= Integral Centralizers x185 pc. (1x1)

Puc. 4: DnemeHTbl HKHero 3akaHumBaHus  Fig. 4: Lower Completion components

NPaKTUK DYPEHNST CKBXKMH C BObLUMM OTXOAOM OT
BEPTUKASIN.

CTpaTervst HXXHEro 3akaH4YMBaHNs CKBaXKMHbI
npegnonarana cnyck 4.5” (114 mm) dunbTpa-
XBOCTOBMKA TOJIbKO B OCHOBHOW CTBOJ1, OCTaB/Iss
OOKOBbIE FTOPU30OHTasIbHBIE CTBOJIbI OTKPbITLIMMU.
PelueHre ocTaBuTb 4aCTb rOPUSOHTAIBHOW

CEeKLIMMN HEOBCaKEHHOW ObINO MPUHATO A1 OLEHKMN
YCTOMHYMBOCTI OTKPbITBIX CTBOJIOB MyTEM MOHUTOPUHIA
NpoduNs NPUTOKA OT BCEX CTBOJIOB 1 ONpPeaeneHns
BPEMEHW, B TEYEHNE KOTOPOro 6OKOBbIE CTBOJIbI
OyayT oCTaBaTbCst OTKPbITbIMK, a TakKe MOMEHTA,

B KOTOPbIV MPOM3OMAET 1X 0bpyLueHre. B pamkax
N3y4eHns AaHHOro BOMPOCH! Obln NPOBEAEHbI
rnyboKne reoMexaHnecKme ncceqoBaHns ons
onpeneneHns BennuuHbl “6esonacHon” genpeccun Ha
naacT 1 cnocoba BbIBOOA CKBaXKMHBI HA PEXIM /15
NpPaBWIbHOrO PacnpeneeHst OKONOCKBaXKMHHbBIX
HanNpPsPKeHWn ¢ co3aaHrem sapdexTa “Apkin” BOKpYr
CTBOJ1Q, MOOAEPKNBAIOLLErO ero cTabuibHOCTb BO
Bpemst 4OObI4N.

XOCTOBVK 6bl1 YyCTAHOBSEH C YepeaoBaHNEM [TyXUX
TPY6 1 hUAbTPOB, pacnpeneneHHbiX Mo CTBOJTY B
NHTepBaax C Ny4LMN KOSITIEKTOPCKVMIN CBOVNCTBAaMN.

KoMMOHOBKa HVXXHErO 3aKaH4/BaHNg codeTana B

cebe ABa TEXHNYECKNX PELUEHNST MUHVMUSUPYLLIMX

PUCKW HEYCMELLHOMO Crycka, KOTOpbIM Kasancs

BO3MOXXHbIM COM/IaCHO paccHeTHbIM Moaensm. Mogenm

OCEBbIX HArpy30K AEMOHCTPUPOBAIV OYEBUOHbIE

PUCKN HEOOXOXKOEHMSI KOJIOHHBI C XBOCTOBVKOM B

Cny4dae «MI0X0ro» COCTOSIHNSA CTBOJ1a CKBaXKUHbI (Mpw

koathpuumeHTe TpeHusa > 0.35). Vicxoasa ns atoro 66110

npenyCMOTPEHO ABa MPEBEHTUBHbIX PELLUEHUS:

e BkntoyeHne B KOMMOHOBKY 3ab0MHOro BepTatora,
MO3BOJAOLLErO CHMXKATb OCEBbIE HArPY3KM
TPaHCMOPTHOWM KOMOHHbI MyTEM €€ HE3aBUCKMOrO
BpaLLleHWst OT XBOCTOBWKaA. [laHHOe pelleHme
ObINO NPUHATO BOJbLLE A9 TOro, YTO Obl OLEHUTL
3P HEKTVNBHOCTb TEXHOIOMUM B YCIOBUSIX KOHKPETHbIX
CKBaXKUH, rae O/1Ha TPaHCMOPTHOW KOJTOHHbI
O0CTaTO4YHO BESIMKA.
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isolation should any water or gas breakthrough occur.
The upper completion assembly was to be run on a 3.5”
tubing (inside 7” Production casing).

ERD Challenges

The drilling hydraulics were critical and in focus during
both planning and execution phases. ECD management
was regarded as a main challenge for these ERD wells
based on the nature of well design (shallow TVD and
extended laterals) and offset experience.

Based on the preliminary modelling it was obvious that
the high potential of exceeding the minimum horizontal
stress with a risk of mud losses existed.

To be able to manage the equivalent circulating density
(ECD) in a most effective way, as was mentioned above
the ultra-low viscosity drilling fluid was utilized for the
first time at the project. The wellbore stability was also a
potential issue as per the geomechanical model where
pulling the string dry led to the breaching of the low and
medium collapse gradients due to the swab effect.
Following best ERD industry practices, the drilling fluid
rheology (low-end R6/R3) in long horizontal slim holes
(which our case is considered to be) is a key ECD driver.
The ECD management strategy was mainly focused on
the precise control of the mud rheology parameters.

The ultra-Low viscosity fluid had very low low-end
rheology numbers itself (1 and 2 Fann Viscosimeter Dial
Readings at 3 and 6 rpm respectively), which was the
main idea to utilize this type of mud. However, it should
be noted that even with a slight increase in downhole
rheology caused by dissolved fine solids, especially when
drilling across the claystone, resulted in a significant ECD
increase. Unlike the described process, the rest of the
factors as ROP or Off-bottom clean-up time had much
less impact on ECD. This is just to confirm that downhole
rheology is the greatest ECD impacting factor from all.

ECD management practices for the 155.6 mm (6 1/8”)
hole section required constant dilution at a slow rate

and periodical dumping of some fluid volume from the
flow line directly to the waste pit, while simultaneously
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. Liner Hanger + Packer

. Screen 250 mikron mesh

. Blank pipe P110

. Swell Packers

Lower Completion

14 - PV-3 Liner Top Packer

15 - HCHR Liner hanger

16 - Blank pipe 4.5” 12.6 ppf

17 - O-ring Seal Sub, 4.5” 12.6# JFE Bear
18 - Pup joint 4.5” 12.6ppf

19 - Float shoe JFE Box

20 - Swellable packers.

Upper Completion

1 - 3-%" TMK PF tubing

2 - ¥” chemical line

3 - DTS cable

4 - ESP cable line

5 - ESP PT sensors

6 - ESP gauges communication line
7 - ESP pump

5. DTS (temperature survey)

6. Pressure gauges (memory)

7. ESP

8. Tail pipe 1.9” tbg

ESP capacity 13

8 - ESP Pump intake with gas separator & 2 AGH

9 - Protector

10 - EPT Tandem motor

11 - 1.9” NUE tubing (DTS & memory gauge carrier)
12 - PT memory gauges

- Blind Bull nose

9. 3.5” thg lift

Puc. 5: Cxema BepxHero 3akaH4mBaHus  Fig. 5: Upper Completion schematic

e Cnyck Qunbpa-XBocToBMKa ¢ MNpemuanbHbIMm
BbICOKOMOMEHTHbIMM PE3bGOBLIMK COeANHEHVSIMNA,
NO3BOJIAIOLLMM BpalLeHe BCell KOMOHHbLI COBMECTHO
C XBOCTOBUKOM.

BakHbIM hakTopom B NOJb3Y MPUMEHEHWSI CTOMbKIX
MPEBEHTMBHbIX Mep [J1s1 Crlycka XBOCTOBMKA ObIN10
HEeOOCTaTOYHOE MOHVMaHUE BO3MOXKHbBIX YC/I0BUA 1
COCTOSIHUSI OTKPbLITOrO CTBOJ1a CKBaYKMHbI MOCTE ero
OypeHnst C pacTBOPOM Ha BOOHOW OCHOBE, a Takxxe A5
0NpPOOOBaHUS HOBbIX TEXHUYECKMX PELLEHWM, TaknX Kak
3ab0WHbIV BEPT/IIOr AN OyayLUYX aKCnyaTaLlMOHHbIX
CKBXXalH.

BepxHee 1 NpoMeXXyTo4HOE 3aKaHYMBaHNSA CKBaXKMHbI
OblI CNTAaHMPOBAaHbI 419 NOCAEeAYOLEro NCMbITaHMS
CKB@XXMH C MOMOLLbO 9NeKTpo-LIeHTpobexxHoro
Hacoca, CUCTEMbI HEMPbLIBHOIO N3MEPEHUSt TeMnepaTypb!
1 OABMEHNS MO BCEW AJIMHE FOPU30HTAaIbHOMN

CeKUMM 019 KOHTPOIA Ao6bI4M, U OLIEHKM BKIaOa
NPUTOKa OT KaKOOro CTBOA FOPUBOHTaSIbHOW CEKLIMN.
[MpoMeKyTOUHOE 3aKaH4YMBaHVE C OMTOBOJIOKOHHBIM
kabenem 019 3MepeHns TeMnepaTypbl M MaHAPENSIMA
[aTyYvKOB OaBfieHVs Obln ciyLleHsl Ha 48 mv HKT

BHyTPW 114 MM XBCTOBVIKA B TO BPEMS, Kak BEpPXHEE
3akaH4eaHme (OLIH) 6b1no yctaHosaeHo Ha 89 mm HKT B
178 MM OkennyaTauyoHHOM KOIOHHE. BaxkHO OTMETUTD,
4yTO B cocTare 114 MM XBOCTOBMKA OblIY YCTAHOB/EHbI
HabyxatoLLe nakepa Mexxay OKHamm 6OKOBbIX CTBOJIOB.
[aHHas cTpaterns 3akaHuBaHMS MO3BOSFET CENEKTUBHYHO
N3015LUIK0 BOKOBBLIX CTBOJIOB B Cllydae npopbiBa 13

HUX ra3a vnm BoAbl MyTEM YCTAHOBKM ABYXMAKEPHOM
KOMIMOHOBKM BHYTPW 114MM XBOCTOBVIKA B MHTEPBas1E
OKHa HexkenaTesibHOro 6OKOBOrO CTBOJIA.

TexHU4Yeckue Bbi30OBbI

CaMbim KPUTUYHBIM NHXXEHEPHbIM aClekToOM Ha
aTarne niaHnpoBaHNA N peasin3daun npoeKTa 6blna
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introducing fresh fluid to the active tank when the MW /
rheology out was observed to be increasing. This was
done while drilling all 5 horizontal branches on each of
two wells and enabled drilling as fast as 37 — 40 m/hr
avg ROPI (instantaneous) with the short term increase
up to 60 m/hr by the end of Main Bore with no reaming
/ additional clean-up cycles or wiper trips. Finally, a lot of
the well construction time was saved by avoiding these
unnecessary operations.

Continuous dilution was essential also because the
solids control equipment did not manage to screen

out such fine and well-grinded drilled particles. That
was partially attributed to the lithology content and the
process cuttings undergo on the way up the annulus,
being crushed by continuous and long-lasting drill string
rotation at 100-120 RPM.

The implementation of the mentioned ultra-low vis fluid
was really a novel approach in this case. The concern
here could be related to the sufficiency of mud
carrying capacity, however, the ultra-Low viscosity
fluid proved to be effective for both ECD management
and for hole cleaning purposes. Landmark WellPlan
hydraulic modelling was calculating the flow regime as
turbulent, whereas the ERA software modelling was
showing the flow regime in the annulus as not fully
turbulent but being in transition zone from laminar

to turbulent. Nevertheless, the actual hole cleaning
process wasn'’t significantly affected as confirmed by
the hook load roadmaps.

The only potential issue with that specific fluid was
fast sagging of weighting material (CaCQOg) in case
some unplanned activities took place not allowing to
circulate for a long time. Therefore, in order to avoid
compromising hole stability, all intermediate trips
from Branches TD to KOP have been conducted with
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Puc. 6: ['mppasnuka BypeHnst ropnsoHTaIbHOM CekLmm NpoaykTuBHoro niacta  Fig. 6: Driling Hydraulics

'mapaBnrka dyperHns. KoHTPOIb POCTa SKBUBANIEHTHOMN
LUMPKYASUMOHHOM NAOTHOCTM (SLUM) 6bin rnaBHoM
NPoBIEMON A1 CKBaXKNH C 601bLLIMM OTXOO0M MpU
MaU1on BEPTUKAIbHOW FyOUHE, Y4TO Takke Bblno
[0Ka3aHO Mo OMbITy MPEeAbIAYLLIMX CKBaXKMH.

Mo pesyneTartamM npensapuTeisHOro MoaenMpoBaHns
Obl10 O4EBMAHO, YTO CYLLECTBYET BbICOKMNN PUCK
MPEBbILLEHNS MUHUMATHOMO FOPU30OHTaIbHORO CTPecca
C COMYyTCTBYIOLLMM MOMIOLLEHVSIMI pacTBopa.

[ns pelwenns npobaembl ¢ KOHTpoNeM pocta SL[ 1
(oKBMBaNEHTHOW LIMPKYNSALUMOHHOW MIOTHOCTW), ObINO
npeaycMOTPEHO NMPUMEHEHVE pacTBOpa Ha BOAHOM
OCHOBE C Y/bTpa-HWU3KOW PEONOrMEN.

CornacHo npakTunke dypeHnsa ckeaxkH ¢ BOB,
raBHbIA NapaMeTp pacTBopa BAVsSoWMK Ha SUIMT — aTo
peoniorvsa pacTeBopa Npu Masibix CKOPOCTSX casura (6/3
nokasaHusi poTaLMOHHOIo BUCKO3nMeTpa). CTpaTerns
KOHTpONsa TpeHaa SLM 3axkntovanack B MOCTOSHHOM

N BHUMATEIbHOM HaBIKOAEHUM 3@ PEOSIOTUHECKUMM
napamMeTpamm pactsopa.

B cnydae ncnonb3oBaHHOW CUCTEMbI PACTBOPOB
yAanocb AOCTUYb HACTOIBKO HN3KMX 3HAYEHW
peosiorMun, kak 1 1 2 Npu CKOPOCTSAX casura
POTaLYIOHHOIO BUCKO3KMETPa 3 1 6 COOTBETCTBEHHO,
4YTO U BbINO rNaBHOM NAEEN NCNONb30BaHNA JAHHOIO
Tuna pacteopa. OgHaKo, BaXKHO OTMETUTb, YTO daXKe
He3Ha4YUTENbHbIE BMEHEHUS 3HAYEHUI JaHHbIX
napameTpoB B HOJbLLYHO CTOPOHY, Bbl3BaHHbIE
YBESIMYEHNEM COAEPKaHNS TBEPAOM hadbl, MPUBOOVIN
K 3aMeTHoMy pocTy ST, B oTnnure ot peonorim
pacTBopa, apyr1e dhakTopbl, Takne kak MexaHnyeckas
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circulation to compensate for the swab effect - in
backreaming or pump out modes.

Another Horizontal Section Drilling Challenge was the
multilateral trajectory profile itself, which required as low
as a DLS as possible for sidetracking from every branch
to the main hole and high DLS while deviating from

the main hole to the branches. The directional drilling
contractor demonstrated excellent performance in both
the well path execution and directional tools operational
performance far beyond the standard hours (450 hrs
performed vs. 250 hrs guaranteed) — owing to the QAQC
activities performed in advance.

On top of the described drilling issues there was one
design-related challenge that required significant cased
hole friction factor limitation for the upper completion
string installation to avoid any string lockup (will be
covered further).

ERD Practices

As only the main bore was planned to be cased with

a 4-1/2” (114.3 mm) liner, with all the branch holes left
open, there was no need to clean the Branch holes
from residual cuttings during the trip out to the KOP. In
addition, the aim was to minimize the residual cuttings
transfer from the branch to main hole to avoid any
potential problems on the final trip out from the main
bore TD. In light of this, the decision was made to pull
the string out from the branch holes in pump out mode
(full flow and no rotation) and perform the backreaming
on final trip out from the main bore. Tripping out from the
1st branch went relatively smooth but starting from the
2nd branch some excessive drag and deviation from the
expected trends were observed, indicating the potential
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CKOpOCTb BypeHnst, CKOPOCTb BPaLLEHWST KOJTOHHBI,
OOMONTHUTENBHbIE MPOPabOTKM KaxkaoW CBeYn 1 ap.
NMESIN HAMHOIO MeHbLLIee BUSHWE Ha ONHAMUKY
SUI. Taknum onbITHbIM NyTem 6bl10 NOATBEPKOEHO
n3HavasbHOe NpeanonoxeHne o Peonorum pacteopa,
Kak 0 AOMUHMPYIOLLEM hakKTope B BOMPOCE KOHTPOS
ourt.

Mpouenypbl KoHTpoNa SLIM npn BypeHnn cexkumm
155.6 mm (6 1/8”) 3akntoyanmcb B MOCTOSHHOM
pasbaBneHun pacTeopa no UMKy B Masblix obbemMax ¢
nepruoanYecknmM cOpOCOM paBHbIX O6BEMOB pacTBopa
N3 NPUEMHOIO »esioba HaNpPsaMYHO B LWIAaMOBbIN ambap
(B 06x0m4 BUBPOCUT). B MOMEHTax pocTa peonrum
pacTBopa 06beMbl pasbaBneHusa 1 cbpoca pacTesopa
yBennumBanuck. [daHHbi Npouecc Obin peann3oBaH
npy BypeHun BCex NATU rOPU30HTasIbHbIX CTBOJIOB
KaXXA0W 13 ABYX CKBaXKMH. MHFHOBEHHAs CKOPOCTb
NpoXoaku gocturana 3HadeHun 37 — 40 m/4 ¢
KpaTKOBPEMEHHbBIM YBENYEHVEM 00 60 M/Y K KOHLLY
OCHOBIO CTBOJ1A (B LeNax ONpeaeseHns TEXHUYECKOro
npenena MCIT). bypeHne npoBoannock 6e3 Kakux-
NM60 AONOSHUTEbHbBIX NINLLIHMX OnepaLmii, Takmnx

Kak LaboOHNPOBKK, NPOPaboTKK, 4ONOIOHUTENbHbIE
LUMKIIbI LMPKYIaumn. B pedynbTarte npumMeHeHns
OaHHbIX MPaKTUK BblN10 MOJSTYYEeHO 3HAYUTESTbHOE
YCKOpeHue npu BypeHun cekummi NnpoayKTMBHOMO
nnacTa.

[MoCcTosiHHOE pa3basnieHne pacTBopa Obl10 TakXKe
Heob6X0AMMO, MOCKOJIbKY 060pYyA0BaHME OHNCTKM

He CnpaB/IiNIOChk C CUIbHO PasMesbYeHHbIMN
BbIOYPEHHbIMI YacTULaAMW FOPHOW MOPOAbI.

Pasmep 1 hopma TBEPAbIX YacTuL, 0O6YyCNOBNEHbI
MWHEepanormyecknM CocTaBoM MNOPOA NPOAYKTUBHOIO
nnacrta 1 MexaH3MoOM paspyLleHVs TBepaplX YacTul,
OT KOHTaKTa C MOCTOSHHO BpaLLatoLLENC BYPUITbHOM
KOMTOHHOWM CO CKOpOCTbio 120 06/MUH Npu BbIHOCE
Lnama ¢ 3abosi Ha NOBEPXHOCTb.

[MpUMEHEHVE BbILLEYNOMSAHYTOrO BOAHOIMO pacTeopa
C YbTPaHU3KOW peosiornen ong 6ypeHns CKBaxkuH
C OOMbLWWM OTXOAOM OblNIO HOBLLUECTBOM Ha
OaHHOM MPOeKTe, 1 B oTpacnu B uenom. OgH1UmM 13
onaceHuUn nepen NPUMEHEHNEM OAaHHOW CUCTEMBbI
pacTopa 6blna ero BbiHOCSALLAa CNOCOOHOCTb,
KOTOPOW MOrN0 ObiTb HEQOCTATOYHO U3-3a
4pPe3MepPHO HU3KOW peonorun pacTeopa. Ha nene
>Ke MOoJ1ly4naoCh, YTO C BOAHOM CUCTEMOW pacTBopa
yAanocb OOCTUYb XOPOLLYK OYUCTKY CKBaXKMHbI

1N TPaHCNOPT LWama Ha NoBepxHOCTb bnarogaps
PexXnmy TeYeHNa pacTBopa, HaxXo4ALEeMyCH B
nepexoaHon Mexay naMnuHapMbiM U TYpPOYIEHTHbIM
pexnmamm 30He. Pexxum pacTtopa 6bin onpeaeneH
nocpencTBOM MoAeNnpoBaHusa vapaBnnkn B

OBYX pasHbix cumynatopax — Landmark n ERA,

80 | ROGTEC

packoff condition. No cavings were seen from the HZ
interval during both drilling and backreaming. Hook load
trends had good correlation with ECD fluctuations.

Finally, the trip out strategy was modified and the
backreaming from branch holes was enabled instead

of pump out. Cleaning out the hole while backreaming
instead of “bulldozing” the cuttings while in pump out
made the operations considerably safer. The negative
impact of backreaming out of the branch holes was the
increase in the frictional factors in the main bore while
further drilling due to the residual cuttings transport from
each branch to the main bore above the KOP. The Main
Bore PU/SOFF were increasing in average by 0.05 after
the backreaming from each Branch. However, this didn’t
result in any problems during the final backreaming out of
the main bore.

Upper Completion Issue

The unexpected problem happened with upper
completion string installation. The string design (3.5”
TBG inside the 7” casing and 1.9” TBG inside the 4.5”
liner with the ESP in between) had a limitation of the
max cased hole SOFF of 0.20 to get the string to TD.
The preliminary Wellplan (Landmark) T&D simulations did
not show any issues with upper completion installation.
However, once a detailed BHA was introduced into the
model, the results of K&M'’s ERA software showed that
any SOFF numbers higher than 0.20 would result in
string lockup. During execution, the first unsuccessful
upper completion run showed an actual CH SOFF of
0.30 and the weight went to zero (string lockup) exactly
at the depth predicted by ERA software for SOFF of
0.30. The lockup point was in the 1.9” TBG below the
ESP at a distance where the lightweight tubular with less
buckling resistances were still inside the 7” casing with
the more room to get buckled at same compression in
comparison with 1.9” tubular inside the 4.5” liner.

As a solution to this issue it was decided to go with a
flotation option and run the upper completion string
with the “mud over air” scenario having 1.9” TBG filled
with air and isolated with blank collars. That undertaking
significantly reduced axial drag and, as the result,
mitigated compression in transition zone between 3.5”
and 1.9” tubular, getting more room in terms of SOFF.
The ERA software simulations showed substantial
potential improvement — the floatation scenario shifted
the “no-go” limitation of SOFF from 0.20+ to 0.29+.
The dummy run that was performed thereafter with no
ESP / mandrels / cables proved the flotation concept
to be successful with the SOFF ranged 0.30 — 0.28
with the downtrend to 0.26 towards TD. The final upper
completion run showed same positive result with no
helical buckling / lockup related problems. The drag
reduction in 1.9” TBG was achieved by reducing side
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Liner RIH HKLD
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= Smooth Run. No issues apart from slight set-
downs at 1500-1700 m MD

= 0.2 OHFF and 0.15 CHFF were calibrated

= Remaining weight at TD w/o rotation was
8 tons

= Big sensitivity to Tripping speed was
established

= Non of contingencies were triggered

= Rotation option was attempted, resulting in 6-7
tons SO weight increase

Puc. 7: Mogenb n pesynbtaTsl Crycka XBOCTOBMKA (HVKHEro 3akaHqmBaHus) Fig. 7: Liner RIH Road Map

a COCTOsiHME CTBOJA U CTeneHb OYNCTKU Bbln
hakTNYecKn oLeHeHbl Mo 4OPOXHbIM KapTam
OCEBbIX Harpy3ok npotecca 6ypeHns.

EQVHCTBEHHBIM HEQOCTATKOM UCNOSIb30BAHHOM
CUCTEMbI pacTBopa Obl/I0 OCaXKaeHNe TBEPObIX
4acTuL, MPU OTCYTCTBUW LIMPKYISUMU B TEHEHME
NPOAO/IKNTENBHOIrO BPpeEMeHU. 1o aTon npuynHe
oT4yacTu, a TakXKe No NpuynHe HecTabubHOCTU
CTBOJ1A BbI3BAHHOM ahdhekTOM cBabmupoBaHus, BCe
OBVDKEHNS BYPUIbHOM KONMOHHbI B OTKPbLITOM CTOBJE
NPON3BOAUINCH C LIMPKYNSLUMEN U BPALLEHUEM.

Lpyron MHXeHEPHOW CIIOXXHOCTbIO OAHHOIO NpoeKTa
aBMacb KoOHMUrypauus TpaeKkTopun CKBaXK1H B
FOPU3OHTAIBHOM CEKLMU C NSATbIO MPOTSXKEHHBIMN

1 napaniesibHbIM/ FOPU30HTaIbHBIMY CTBOJSIaMM
HanoMUHaoLWMMU (POPMyY «BUSTKWN». BypeHune
FOPW30HTasIbHbIX CTBOJIOB TpeboBano obecneveHus
Kak MO>XHO MeHbLLIEN MHTEHCUBHOCTWN NCKPUBEHNS
npwv 3apeske HOBOro (OCHOBHOMO) CTBOJIA - BHU3, U Kak
MOXXHO 60/1bLLIEN NHTEHCUBHOCTU UCKPUBIEHWS NP
OTKJTOHEHUM BOKOBBIX CTBOJIOB OT OCHOBHOIO BBEPX

1 B CTOPOHbI. CEepBUCHbIN NOAPAOYNK N0 HakNOHHO-
HanpaB/IeHHOMY BYPEHNIO MPOAEMOHCTPMPOBAS
OT/IMYHBIV PE3Y/bTaT MO BbINOSIHEHUIO TPAEKTOPUM
obenx CKBaXKMH, a TakxKe Nno Hagsexallen nogrotoBke
BHYTPUCKBa>KMHHOIO 060PYAOBaHNSA, KOTOPOe
npopaboTano HaMHOro A0JbLUe ero 3asBEHHOO
pecypca (450 yacoB uypkynaumm npu 250
rapaHTUPOBAaHHbIX Yacax), YTO SBNAETCA Pe3y/ibTaToOM
BbIMOJIHEHHOW Ha 3Tane NoAroTOBKM NPOrpamMmbl
KOHTPOJIS Ka4ecTBaa.

[MTOMUMO OMMCaHHbLIX Bbllle MHXXEeHEPHbIX BbIBOBOB,

CTOUT OTMETUTbL eLlle ogunH Ba>KHbI1 MOMEHT
OTHOCSALWMNCS K NMaHMPOBaAHMIO YCTAaHOBKM BEPXHETO
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forces of empty tubular and as a result the compression
in a weak zone below the ESP was also reduced below
the lockup critical value.

Puc. 8: Cxema KOMMNOHOBKW BEPXHErO 3aKaHYMBaHVIS
Fig. 8: Upper Completion BHA schematic

Operational Results Summary

The man objective of the project - to prove the feasibility
of drilling these extended reach horizontal multilateral
wells, was successfully fulfilled. Both wells have been
accomplished under budgeted time and cost, gathering
valuable technical input for preparation of the full field
development case.

Positive Highlights

1. Sidetracking operations. Was regarded as a risky
operation, since it has never been experienced before

at the project. All sidetracking operations were executed
smoothly with continuous time optimization (from 8 down
to 1.8 hrs).

2. Liner Smooth Run was a successful achievement,

first — by landing it in the correct (main) borehole and
second — not having any drag related issues, friction
factor calibrated as minimal as 0.2 OHFF and 0.15 CHFF.
A large sensitivity to the tripping speed was established.
None of the contingencies had to be triggered (Downhole
swivel or full string rotation).
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N HVKHEro 3akaH41BaHWM, CBA3aHHbIN C HEeJ0OLIEHKOMN
YCNOBUI crniycka 1 npobaemMamm nput UCMoSIHEHUN.

MpakTukm 6ypeHns ckeaxuH ¢ OB
CTparternsg HMKHEro 3aKaH4YMBaHNSA CKBaXKMHbI
noApasymeBaeT CNyck unbTpa-xBOCTOBMKA
TOJIbKO B OCHOBHOW CTBOJ1 FOPU30HTaNIbHOW CEKLIMU,
OCTaB/I99 BOKOBbIE CTBOJIbI HEO6CaXKEHHbBIMU.
Mcxoasa na aToro He 661710 HEOOXOUMOCTU B
TWaTenbHOM O4MCTKE BOKOBBIX CTBOJIOB OT LWiama
BO Bpems nogbema KHBEK o Touku cpeskn HOBOro
cTBoNna. Boobasok, Lens 66110 MUHUMU3NPOBATb
TPaHCnopT TBEPAbIX YaCcTuUL, U3 BOKOBbLIX CTBOJIOB B
OCHOBHOW BO n3bexaHne NoTeHUMabHbIX Npobaem
npwv pUHaNBEHOM NOABbEME U3 OCHOBHOIMO CTBONA.
MpuHMMas BO BHUMaHWE OBa BbllLeyKasaHHbIX
dakTopa, 6bI10 peLeHo NPON3BOANTL MOLBEM
KHBK 13 60K0BbIX CTBOIOB C LMPKYASLMEN, HO

6€e3 BpalleHVs 1 MPOU3ecTn obpaTHYO NPopPadoTKy
TOIbKO Ha P1HaSIbHOM MOABbEME N3 OCHOBHOMO
cTBona. OgHako, BO BpeMs NogbeMa U3 BTOPOro
OOKOBOro CTBOJIa HAbMOAATOCH OTK/IOHEHWE
3HAYEHMM BECA HA KPIOKE OT OXXMOAeMOoro TpeHna
o603Havas NpennoChbIKN 1N YCNOBUSA «3anakOBKW».
Bo Bpems 6ypenus cekumm 1 nogbema KHBK kak ¢
BpalleHnem, Tak 1 6e3, He OblJI0 3aMEYEHO HUKaKMX
CcnefoB obpylleHns n obBana CTEHOK CKBaXKMHbI Ha
NOBEPXHOCTU. VI3MEHEHNS 3HAYEHN BECA HA KPHOKE
XOPOLIO CXOAUIUCH C MOAESIbHBIMU TPEHOAMN 1
KOPPENNPOBaUCh C U3MEHEHMAMM 3HaYeHnn SLMMT.

B utore, nocne nogbema 13 BTOpPOro cTeona,
npoLleaypb! ObINN U3BMEHEHBI B CTOPOHY NMogbema

C BpalLeHeM 13 BOKOBbIX CTBOIOB B TOM YMCIIE.
QOumncTka cTBOMA BO pexxume obpaTHOM NpopaboTkn B
OT/M4Me OT crpebanus Wwnama B BO BpeMs NoabemMa
6e3 BpalleHnsa npoxoamna 6osee 6e3onacHo.
HeratuBHbIM NocneacTBMeM 06paTHOM NpopaboTKy
BOOKOBbIX CTBOJIOB BObI/10 YBENMYEHNE KOS DULMEHTa
TPpeHust B OCHOBHOM CTBOJIE MO Mepe BypeHns
FOPU3OHTA/TbHOW CEKLMN 13-3a OOMOJHUTEIbHOIO
KOJINYeCTBa Lama BbIHOCUMOrO 13 BOKOBbLIX CTBOJIOB
1N oceatoLLero B OCHOBHOM CTBOJIE BbILLE MHTEPBasIoB
Cpe3oK. KoahduumeHTbl TpeHUsa Ha MOABLEM U CMYCK
yBenMunBannchb npuMepHoO Ha 3HadeHne 0.05 nocne
obpaTtHom NpopaboTKM o4epeaHOro 6OKOBOro CTBOSA.
HecmMoTpsa Ha 3TO NOCTENEHHOE YXyOLEHNE COCTOSAHNSA
CTBONA, HNKaKMX Npo6aem BO BpeMs (prHaIbHON
obpaTtHom NpopadbOoTKM HE MPONIOLLIIO.

CI'IYCK KOMIMOHOBKW BepXHero m
MPOMEXYTO4YHOro 3akaH4mBaHusA

CnyCcK KOMMOHOBKW BEPXHErO 1 MPOMEXYTOYHOIO
3aKaH4MBaHUSA NOJy4YnI0Chk MPON3BECTU HE C
NepBOro pasa n3-3a HeCOOTBETCTBUA DaKTUYECKNX
YyCNoBUM cnycka (KoahdULMEHT TPEHUS B CTBOJIE)
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3. Downhole tool performance was outstanding,
most of the tools operated beyond their regular
guaranteed working limits. DD contractor was
proactively involved in QA/QC process, meeting all
the Operator’s standards and process requirements.
That saved much of the well construction time by
avoiding trips to surface.

4. Drilling fluid performance. Special in-house
designed ultra-low viscosity drill-in fluid was a
decisive factor in the project’s success. The concept
became field proven being fit for shallow ERD
applications, in this particular reservoir formation
and, at the same time, providing economic

benefits in terms of reduced costs and increased
environmental friendliness comparing to the
previously used fluid on the project, OBM.

5. Performance optimization. Two-well drilling
campaign was a good foundation to be able to
optimize drilling practices and seek new efficiencies.
The 40-minute Weight to Weight connection time
was decreased to 14 min WtW time per connection,
just focusing on the wellbore conditioning, surveying,
measurement and connection practices.

Areas for Improvement

1. Rig equipment failures. The negative side of the
standalone projects such as this one is the scarce rig
availability. The experience with a new manufactured
rig came with numerous breakdowns of different

rig equipment that eventually led to a significant
downtime.

2.Upper Completion installation the issue was
driven by lack of detailed planning from both the
operator and contractor’s sides. Specific dimensions
of the BHA elements appeared to be very impactful
to the operations feasibility. An important lesson was
learned with the tail pipe of the Upper Completion
BHA flotation. One more lesson to learn was the
advantage gained by having the appropriate and
adequate historical technical data from similar
operations to enable the opportunity to perform
more accurate and reliable engineering modelling in
any software (WellPlan or ERA).

3. Data transmission rate limitation became a
limiting factor in the horizontal reservoir section
drilling performance optimization, restricting
instantaneous ROP. The solution to that is to
implement a new generation downhole pulsers
(e.g. Baker Hughes BCPM 2) with increased data
transmission capacity.
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Puc. 9: PeaynbTtaTbl cnycka KOMMOHOBKM BEpxHero 3akanymsaHus Fig. 9: Upper Completion Runs Results

TEOPETUYECKNUM, YYTEHHBbIM B MJIAHOBOW MOAEN
cnycka. NpensaputensHoe MOgeNMpoBaHne aHHOM
onepauun nposoaunock B MO Wellplan (Landmark),
no pesysbTatam KOTOPOro He ObII0 OOHAPYXXEHO
nNpob1eM CO CMYCKOM MpU KOSMULIMEHTAX TREHNS
0o 0.35. BaxxHo oTMeMuTb ABa MomeHTa: 1) MNpu
NPOBEAEHUM PACHETOB Ha STarne NnaHNpPOBaHUS

He Obl/I0 BO3MOXXHOCTW B MOATBEPXKOEHUN
(kanMBpPOBKYM) MNNAHOBOW MOAENN NMYTEM eé
CpaBHEHWS C (DaKTUYECKUMU (MCTOPUHECKUMN)
OAHHBIMWN aHATOMMYHbBIX Onepaumin Ha NpPeablayLnX
CKB@XXMH, MOCKOJIKbY 9TV AaHHblE HMKOr4a paHee He
pernctpuposanunce 2) Wellplan (Landmark) Bbigaet
fos1ee ONTUMUCTUYHbIE PE3YbTaTbl B CPaBHEHWUN

c gpyrumu MO, npum. ERA. CornacHo mogenu 10
Wellplan npobaembl CO CNyCKOM OXUaanncb npwu
Koo puumeHTe TpeHus Bbilwe 0.4, B TO Bpems

kak moaesnb 110 ERA roBopuaa o BO3MOXXHOCTU
6e30MacHoro cnycka To/IbKO Npu KoahduumneHTe
TpeHunsa < 0.2. Bo BpeMsa NepBoro crnycka, korga obiim
nonyYeHbl (pakTnyeckne gaHHble 6bl1a NOATBEPXKAEHA
moaenb 13 MO ERA, n cooTBeTCcTBYOLWMM 06pa3omM
oTkannéposaHa moaenb MO WellPlan. MpuynHon
HYCMELIHOro Ccrycka 6bin cnupanbHbii N3rnb 48 Mm
HKT Hmxe OLHa B nHTepBane 178mm OK, a Takxke
HVKe B MHTepBasie 114MM XBOCTOBMKA.
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MeTomom Npob 1 oWnbOoK, MHOXXECTBA MOAENEN
crnycka 1 NpoBHbIX PENCOB C Pa3IMYHON
KoHurypauven KHBK nHxeHepHas komaHaa
npuvLLIa K PELLEHNIO CMyCKa MPOMEXXYTOYHOrO
3akaH4mBaHus (48mMmM HKT ¢ onTOBOIOKOHHbLIM
kabenem U3MepeHus TemnepaTypbl U gaTdnKamm
OAaBEHNS) NOMIaBKOBbIM METOAOM, C BO3OYXOM
BHYTPY HKT, nsonnpoBaHHbIM creuyanbHbIMN
FAYXUMU Myd@TamMm OT KOHTakTa C PacTBOPOM B
CKBaXKuMHe. PelleHre cnycka «Ha nna.y» Oblno
NOATBEPXKOEHO CHavana no pesynsrtartaM pacyeTHON
Moaenu, a 3aTemMm NpPoBbHOro crnycka KoNoHHbl HKT
89 MM + 48 MM (Ha nnaBy) 6e3 BCex OCTasbHbIX
anemeHToB KHBK: 3LIHa, onTOBONIOKOHHOIO Kabens
1N 0aTYMKOB AaB/eHUS. YCI0BUS CnycKa yayylnance
Ha ~0.1 3HadeHne kKoad. TpeHus ot 0.2 no 0.29
cornacHo mogenu ERA. B peaynbTtaTte, UTOroBbiIN
penc ¢ nonHoueHHonm KHBK 6bin BbINOMHEH YCMEeLWHO
C PaKTUYECKNMU 3HAYEHUSIMU BECA Ha CMyCKe
CcoBNafaloLLIMN C OXKMOAEMbIMU PACHETHbLIMU
3HaYeHNsa NOATBEPXXAEHHbIX Moaenen. CHUXeHne
OCEBbIX HArpy30K Ha KOMoHHY 48mm HKT 6b1n10
OOCTUMHYTO NyTem €€ OBMEervyeHnst, U CHUXKEHUS
cMmatoLero yeunus 3oHe Huxe M’HO B 178mm SK 1
B 114MM XBOCTOBUIKE.
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Pe3ynbTatbl NpoeKTa

["NaBHOWM 3agadel npoekTa Obl1o MOATBEPAUTL
BO3MOY>XHOCTb OYPEHMS MHOr03a00MHbIX CKBaXKMH

C BOMbLLVM OTXOAOM C MPUMEHEHMEM PacTBOpa Ha
BOOHOW OCHOBE B YCTOBUSIX A@HHOMO MECTOPOXXAEHWS.
Obe CKBaXKVMHbI Bbl/I MOCTPOEHbI B paMkax MaaHoBOro
OromKeTa 1 CPOKOB, MNOJIYUYNB BaXKHbBIN OMbIT S
OanbHENLLIEro NAaHNPOBaHNA 3KCNyaTaLUMOHHbIX
CKBaXKVH.

Mono>xutenbHble N3BJIEYEHHbIE YPOKMN

1. Onepaunn cpeskn 60KOBbIX CTBOIOB. CPE3KM B
OTKPbITOM FOPU30OHTaNIbHOM CTBOJ1E MPOAYKTUBHOMO
nnacTta HUKOr4a paHee He MPOoU30MNChL Ha
NPeabIayLIMX CKBaXKMHAX AaHHOrO MECTOPOXAEMHVS.
HecMmoTps Ha 3T0, BCe onepauun Cpe3oK HOBbIX
CTBOJIOB Ha OBYX MOCNEOHNX CKBaXKMHAxX Oblin
NPOBeAEHbI YCMELLIHO C ONTUMMN3aLUMEN BPEMEHW CPE3KM
¢ 8 0o 1.8 yacoB Ha onepauuio.

2.Cnyck unbTpa-xBOCTOBMKA Obl TakKe
YCMELUHbIM C TEXHNYECKOW TOYKN 3PEHVS,
MOCKOJIbKY Obl/1 NPOV3BEAEH B HY>KHbI CTBOJT 13
BCEX MATY CTBOJIOB MOPU3OHTAIbHOW CeKummn, 6e3
HeoOXOOMMOCTV MPUMEHEHNS MPEBEHTUBHBIX Mep
(BpalLlleHre XBOCTOBMKA, TPAHCMOPTHOM KOJIOHHbI)
N C MAHUMANBbHBIMY KOS MDULIMEHTAMN TPEHNS B
obcarkeHHoMm (0.15) n otkpbeiTom (0.2) cTBOIAX.

3. Pe3ynbtaT paboTbl BHYTPUCKBaXXKUHHOIO
obopynoBaHus NPEB30LLEN BCe OxXuaaHvs. Bee
anemeHTbl KHBEK otpaboTtanu HamHoro gonblue

X 3a9BJIEHHbIX PECYPCOB, MO3BOJIAS DYpPUTH
FOPU3OHTaSIbHbIE CEKLMM CKB2XKNH 6€3 [ONOHNTEBHBIX
CMyCKO-NoA4bEeMHbIX onepauui. [aHHbI pe3ynstaT
NoaTBEPAUA BAXKHOCTb U 9PMEKTVNBHOCTE MEPONMPUATUIN
KOHTPOJIS Ka4eCTBa, MPOBEAEHHbIX Ha 3Tarne NoAroTOBKM
npoekTa.

4.HoBasi cuctema pacTBopoB. PellaroLlmm hakTopom
ycriexa 4aHoro NpoeKTa no npasy CTOUT CUUTaTb
MNPUMEHEHNE YHNKa/IbHOro BypOBOro pacTBopa

Ha BOLHOW OCHOBE C Y/IbTPaHU3KOW PEOSIOTNEN.
OKOHOMMYECKAd U TexHUYeckas ahHeKTUBHOCTb
KOHLIeNTa OblV MOATBEPXKAEHBI HA MPAKTUKE

B OMpefeseHHbIX Fe0STIOMMYECKMX YCITOBUSAX
MECTOPOXOEHNSA 1 NpoeKTa. [aHHoe pelleHme Takxe
oKasanock 60M1ee 9KOIOMMYHbIM, MPOCTbIM U AELLIEBbLIM
C TOYKM 3PEHUS YTUNNIALMM OTXOO0B, MO CPABHEHUIO C
paHee 1ncnosb3oBaHHbIM PYO.

5. OnTuMmn3aumsa TexHn4eckux onepauun. [ige
CKBaXKMHbI ObININ XOPOLUMM OCHOBAHMEM A5
NpoBedeHNst AeTaNIbHOMO aHaIM3a TEXHNYECKIMX
NpPOLIECCOB, PaboTbl HaA, OLLNOKaMM 1 BO3SMOXKHOCTAMM
X ncnpasieHus. Vicknoyasa HeHy>KHble onepalmy npu
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HapaLLVBaH1W, NPOBeAeHU 3aMepa, LVPKYNSaummn, 1
ONTUMUBVPYS NOCNeA0BaTEIbHOCTb U BPEMS KITHOUEBbIX
onepaumii, NPOMEXXYTOK BPEMEHN MEX Y OKOHYaHNEM
OypeHust cBeYn 1 HavYanom BypenHnst cneayroLlen obin
cokpatleH ¢ 40 0o 14 MUHYT.

O6nactn gna yny4weHns

1.Monomkn 6ypoBoro o6opyasaHus. OCHOBOW
npobnemMon Moboro aBTOHOMHOIO 06bekTa ABASETCA
OOCTYMHOCTb OnNuUMiA U BbIbop BypoBoit YcTaHOBKN.

Ha naHHoM mpoekTe Obla MCNoJib30BaHa HoBas
OypoBas ycTaHoBKa (C 3aBoga). Kak 1 cnemoBano
OXMAaTb, Ha MEPBOW CKBaXKMHE ObISIO MOTPAYeHO MHOMO
HENPOWN3BOANTEBHOIO BPEMEHW Ha UCMPaBNeHne

1 PEMOHT BCEX 3aBOACKMX HEOOPAOOTOK BYPOBOro
06opyaoBaHng. ITO NPUBESO K 6OMBLLIOMY 3HAYEHUIO
nokagatens HIMNB (Hempou3BOAUTENBHOrO BPEMEHN) MO
4acTn 6ypoBOro NoapsavmKa.

2.CnycK BEPXHEro 1 NPOMEXXYTOYHOIro 3aKaH4YnBaHUS.
Mpobnema 3akovanace B OTCYTCTBUN UCTOPUHECKNX
OaHHbIX Ha aTane NAaHMPOBaHNA 1 HEBO3MOXKHOCTU
NoATBEPAUTL NPEABAPUTESbHBIE UHXXEHEPHBIE PACHETHI.
BaxkHbIM 13BReYeHHbIM YPOKOM 13 AaHHOIO OMbITa
Obl/10 MPUMEHEHME KOHLIENTA Cnycka KOMOHHbI HKT
non1aBKOBbLIM CMNOCOOBOM, a TakXKe perncTpauum u
XPaHEHNN BCeX PaKTUHECKUX OaHHbIX onepauuii ons
OyayLEero NCNob30BaHNS.

3. CkopocTb nepefayn reopmnsandeckmx gaHHbIX

npw BypeHnn B pexxrmMe peasibHOro BpemeHn bbina
orpaHn4mMBaLLM MexaHUYeCKyto CKOPOCTb MPOXOAKN
hakTopoM. PelleHnem gaHHom Npobiembl SBASETCS
CMOJIb30BaHME BbICOKOYACTOTHOrO NyJsibcaTopa
TENEeCUCTEMbI C BO3MOXXHOCTBIO ObICTPOW Nepeaaqmn
B0bLIOro 06bema AaHHbIX FreoPU3NYECKUX MPUBOPOB.
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