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[aHHOM paboTe onmMcaH COBPEMEHHDIN
NHTErPUPOBaHHbIN NOAXOM, K OpraH13auuin npoLecca
OypeHns 0Ns Lenen onTMMnM3aumm U yMeHbLLIEHNST CDOKOB
CTPOUTENBCTBA CKBAXKMH 1 MOKAa3bIBAET YCMELLIHOCTb
TECHOMO COMPSPKEHNS CTPYKTYP, OTBEHAIOLLMX Kak
3a MPOEKTHbIE, TaK 1 38 TEXHOJSIOMMYECKME aCMEKTI
CTPOWTENBCTBA CKBAXKWH. [1peacTaBAeHHbIA OnbIT
ABMSIETCS YHMKAIbHBIM /19 OTEYECTBEHHBIX KOMMaHWUM
1 BbINOJSIHEH C MPUBIEYEHEM NMPEUMYLLIECTBEHHO
COBCTBEHHbBIX TEXHNYECKMX Y METOOMNYECKMX Pa3paboTokK.

BeeneHmne

CoBpeMeHHble, MOCTOSHHO YXyOLLUAIOLLMECS, YCOBMS
OypeHus TpebytoT bonee rayboKoro 1 BCECTOPOHHENO
TEXHOJTOMMHYECKOro Moaxoda K MPOLECCY MAaHNPOBaHNS
N COBCTBEHHO CTPOUTENBCTBA CKBaXKWH. PagpaboTaHHble
Ha CerofHsLUHNA OeHb TEXHOIOMMYECKNE PELLEHNS
MO3BOMIAOT PeLlaTh LUNPOKUIA CNeKTP 3aday Ons
YMEHBLLEHNS PUCKOB, W, Kak CeACTBNE, YMEHbLLIEHNS
BpeMeHN BypeHNst N 3aKaHYMBaHMSA CKBaKMH. Ho
3a4acCTyIO 9TU PELLIEHNS )KECTKO CErMEHTUPOBaHbI U HE
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his article presents the study of an integrated

approach to drilling process management with the
aim to optimize and reduce well construction time. It
demonstrates successful integration of well construction
design and technology aspects. The described experience
is unigue for Russian companies and based mostly on
Russian techniques.

Introduction

Nowadays more wells require a deeper and more
comprehensive technological approach to planning
and construction of the wells. Today’s design concepts
make it possible to solve a wide range of tasks to
mitigate risks and to eventually reduce the time for
well drilling and completion. However, such solutions
are often strictly restrained to segments and not
coordinated on both the operation level and decision
making level. To handle such inconsistency, an
integrated approach to drilling support was applied with
the following envisaged:

e Pre-engineering geomechanical and technological
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Puc. 1. Cxema opraHsaLmm MHTErpupOBaHHOrO COMPOBOXAEHNS
Fig. 1. Integrated Support Organization Chart

B3aVMOOEVCTBYIOT APYr C OPYrOM Kak Ha ornepaLyioHHOM
YPOBHE, TaK 1 Ha YPOBHE MPUHSTUS PELLEHNI.

[ns ycTpaHeHns npobnemMbl pa3po3HEHHOCTH

PELLEHNIN BbIN MPUMEHEH MHTEMPUPOBaHHbIA NOOX04, K

COMPOBOXAEHNIO BYpEHNsI, KOTOPbIN BKIIOYas B Cebs:

¢ [IpoBeneHve NPeanpPOEKTHOrO FrEOMEXaHNHYECKOro U
TEXHOJIOMMYECKOro MOAEIMPOBaHNS C LIeSbIO noadopa
1 ONTUMMN3aLN NapaMeTPOB BYPEHNSt CKBaXKVHbI;

e TexXHN4eCKOE 1 TEXHOSIOMMHECKOE COMPOBOXAEHVE

HaKIOHHO-HaMNPaBEHHOrO OypPeEHNS

KapoTax B npoLecce 6ypeHus;

e0/10rM4ecKoe COMPOBOXKAEHVIE;

"eoMexaHN4ecKoe COMPOBOXKAEHNE;

OBHOBEHME MOOENEN MEXAHNYECKX CBONCTB

1 YCTOMYMBOCTY MOPOS, MO NOSTyHEHHbIM AaHHbIM U

HaCTpOVKa Ha nocneayroLlee bypenHus.

PaboTbl 6bl OpraHn30BaHbl B pamMKax eauHON CUCTEMBI
CO BCECTOPOHHEN TEXHNHECKOW NOOOEPKKON CNy>X0
MAO «BapberanHedTeras» n NpOeKTHbIX MHCTUTYTOB HK
«PocHeTb» - «THHLU», «LISMTP>» n «TuPT N>,

HaknoHHo-HanpaBneHHoe BypeHne n KapoTax B
npouecce 6ypeHus

B npouecce 6ypeHnst 6bii1 MICMONb30BaH COBPEMEHHDIN
oTeyecTBeHHbI LWD-komnnekc J1YH-M-2014,
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modelling in order to select and optimize the

drilling parameters;

Engineering and technological support for DD;

LWD;

Geosteering and Petrophysics survey

Mud logging;

e Stress-strain properties and wellbore stability models
adjustment based on acquired logging data and
implemented for subsequent drilling operations.

The project was performed within a unified system and
supported by RN-Varieganneftegaz and the Rosneft
design institutes TNNC, CEPITR, IGIRGI.

DD and LWD

The applied LWD tools included the Russian LWD
complex LOOCH-M-2014 designed to obtain a
complete set of drilling parameters and to provide
quick and accurate conclusions in order to evaluate
the reservoir’s poro-perm properties and lithological
differentiation. The following survey and logging
methods were used:

e Gamma-Ray (GR);

High-Frequency Induction Logging — VIKIZ Analogue (HF IL);
Compensated neutron-neutron logging (CNNL);
Gamma-gamma density logging (GGDL);
Directional survey.
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MO3BONSHOLLMIA MOJSTYHUTE MOHBIA KOMIMIEKC KapOTaXKHbBIX

OaHHbIX C BblOa4er onepaTmMBHbIX 1 OKOHYATESTbHbIX

3aKJIKOYEHNIA AN OLEHKN EMKOCTHBIX 1 (DUNBTPALMOHHBIX

CBOWCTB nfiacta 1 JINTONOMMYECKOrO PacHIEHEHNS.

B npumeHsgemMoM koMnniekce 6bun NCMoIb30BaHbl

cnefyoue MeTobl UCCNeqOBaHUA 1 3aMEPOB:

e HTerpaibHbIi ramma kapoTtax (MK);

¢ BbICOKOYACTOTHbIN 9NEKTPOMArHNTHBIN KAPOTaXK —
BVKIN3G B npouecce bypenns (BUKIB);

® HelTPOH-HENTPOHHbIN KapOoTaXK Mo TEMIOBbLIM
HenTpoHam (HHKT);

e [[aMma-ramma naoTHOCTHOM kapoTax (ITKIT);

® [/IHKNMHOMETPUS.

Takke B 3aBMCUMOCTU OT peLlaeMblX 3a[a4 B KOMIMIEKC
MOIyT BbITb BKJIKOYEHBI Takme Mody i Kak 6OKOBOM
kapoTax (BK), namepeHre 3aTpybHOro gaBneHus,
aKYCTUHECKNIA KapoTaxK 1 Apyrue reopunsnyeckre
MeToObl uccnenosanus. B LWD-komnnekce JIYH-M-2014
peanmsoBaHa perucTpaums paaa TEXHONOMMYECKMX
napamMeTPOB, TakMX Kak: Pacxof MPOMbIBOYHOM
XKUOKOCTN, BHYTPUTPYBHOE AaB/IeHNE, MONepeyHbIe U
npoaosbHbIE BUbpaLmn.

TakKe KOMMIIEKC BCECTOPOHHE MOOEPHU3NPYETCS KaK B
OTHOLLEHWN BHYTPEHHE CTPYKTYPbI, Tak U OONONHEHWs
HOBbIMM METOLAMMN U3MEPEHNs reothn3NYECKNX CBONCTB.
TaK y»ke NpoxXoauT NMPOLECC BHeOPEeHWs perncTpaLmm

Mogynb nynecatopa Pulser module

ﬂepeaop'HmK BepxHMi1 Top sub I'Ipy>KV|Ha MpyxuHa Y3en rnaBHOro knanaHa
orin: LLlan6a Main valve

Depending on the tasks, the complex modules are
available for lateral logging (LL), annulus pressure

logging, acoustic logging, and other geophysical logging
techniques. LOOCH-M-2014 complex logs the following
process parameters: circulation rate, pipie pressure, lateral
and longitudinal vibrations.

The complex is subject to continuous modifications in
the design and in view of recent geophysics measuring
techniques. For example, registration of the azimuth
density and micro lateral logging (producing images)
data is integrated. It will enable the collection of
important data on the structural behaviour of the
formation in the wellbore, which is a high priority for
geonavigation. With density and/or resistivity contrasts
available, it will be possible to evaluate more accurately
the local structural angles, localize well position in the
log, and detail and adjust the 2D model. Images are
also used to determine the structural elements and
the fracture orientation, which is very important for
carbonate logs sections. An acoustic profile logging
module will be soon introduced to log the well bore
profile. Thus it will be possible to consider the LWD
qualitative technological peculiarities and to set up a
liner packer running position. The plan also

includes step-by-step design and integration of
acoustic logging, drill-bit and gamma-gamma litho-
density logging.

Mogynb yrnpaBieHu1st My/ibCaTopoM
Pulser control module

e = e e ——

Mogaynbe HHKT
Compensated NNL module

- il | Mogynb nuTaHms
m_ ﬂ‘l Power supply module

L. :m ii h i= : Mogaynb nuTaHus
d—l Power supply module

Mopgyne namaTvi 1 3mepeHvst
Memory and measurement module

COEIJ,VIHMTeﬂb TENECKONMMYECKUI

-~ Telescopic connector
]

MepeBoaHK-
YAMHATEN b
Extension sub

Kopnyc nynbcatopa (BxoauT B coctas Moayns nynscatopa)
"I Pulser body (as part of of the pulser module)

Tpyba HYBET Non-magnetic drill collar pipe

y oy

MepeBogHVK HKHMIA Bottom sub

Mogayne BUKIMB EWR LWD module

L Mopyne K
"l Gamma-gamma density logging module

Puc. 2. MpuHumnmnaneHas cxema LWD komnnekca JIYH-M-2014
Fig. 2. LOOCH-M-2014 LWD Complex
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A3NMYTasIbHOW MPUBA3KM OAaHHBIX MIOTHOCTHOIO Y
MVKPOOOKOBOIO KapoTaxka ((POpMUPOBaHNE «UMUIKEN>»).
OTO NO3BOSUT NOJIyHaTh BXKHYIO MHOPMALINIO O
CTPYKTYPHOM MOBEAEHWN N1ACTOB B Pa3pe3e CKBKMHDI,
YTO Hamboee aKTyaslbHO /14 Lienen reoHasuraummn. MNopn
Ha/IM4YMM KOHTPACTOB MIOTHOCTEN W/ CONMPOTUBIEHNIA
NOSIBUTCS BOSMOXXHOCTb 60/1€€ TOYHO OLIEHNUTL
JIOKaUbHble CTPYKTYPHbIE YIilbl B TOYKAX U YTOUYHNTb
MOJIOXKEHWE CKB2XKMHbI B Pa3pese, AeTaM3NpyeTCs U
KOPPEKTUPYETCH ABYMEpHas Mogdesb. VIMnopKu, B TOM
ymcne, MCNOMb3YKTCH AN ONpeaeneHUs CTPYKTYPHbIX
SMIEMEHTOB Pa3PbIBHbIX HAPYLLEHNIA 1 OPUEHTALMM
TPELLMHOBATOCTU, YTO OCOBEHHO aKTyanbHO A1
KapOOHaTHbIX Pa3PE30B. Takke MIaHNPyeTCs B
Onvxariiee Bpemsi BHeOPUTb MOIY b akyCTUHECKON
NPoMUNEMETPUM ANS NOMYHEHNS MPOMDUIS CTEHKN
CKBaXXMHbI. OTO NMO3BOJSIUT KAYECTBEHHO Y4YMTLIBATb
TEXHOIOMMYECKME OCOBEHHOCTY MPW MPOBEOEHWN
KapoTaxxa B NpoLiecce BypeHus, a Takke NpomnsBoanTb
HaCTPOVIKY A/151 MOSI0XKEHMS MAaKepOoB Npu CryCKe
XBOCTOBUKOB. Takxxe NaHVpyeTcs NoCTeneHHas
paspaboTka 1 BHeApEHEe MOOYNEN aKyCTUHECKOrO
KapoTaka, Haoa00THOro Moayns u moayns .

Mpwr BypeHnn nHTepBaa NoL SKCMJIyaTaUMOHHYHO
KOJTOHY Y MIOTHOIO CTBOJ1a HAaKTOHHO-HaNpPaBeHHbIX
CKBaXXVH (LonoTo ©9220,7 MM) 6bin ncnonssosaH LWD
kommnekc JIYH-MK-2014 Tunopasvepa 172 Mm n

0151 FOPU3OHTasTbHBIX YHaCTKOB (00N10TO @155.6 MM) —
TMnopasmep 121 mm.

LWD-KOMMIEKC OCHALLEH MMOPAaBINYECKM KaHAIOM
CBSI31, CKOPOCTHbIE XapaKTEPUCTVKL KOTOPOro r
cucTeMa KOAVPOBKM MO3BONSET MOy4YaTb CTabUIbHbIN
1N KQYeCTBEHHbIN CUrHan NOHOro Habopa MeTo0B
reoU3NYECKNX UCCNEO0BAHUN B PEXNME «PEeaSTbHOrO
BPEMEHU» MPU BYPEHUN C MEXAHUHECKOWN CKOPOCTbLIO
40 — 60 M/4, 4TO NOATBEPXKOAETCS MPU CPaBHEHN
OaHHbIX, NOJlyYEHHbIX N3 NaMATX Nprbopa 1 KoMekca
OKOHYaTEIbHOIO KapoTaxka Ha BypusbHbIX Tpybax.

Kapkaplii MHTepBasT CKBaXKMH, B KOTOPOM Obli

NpoBeaeH KOMMJIEKC KapoTaxka B npoLecce OypeHus,
6bl1 OOMONHATENbHO UCCNeoBaH KapoTaxKeM Ha
Kabene 1 MHCTPYMEHTE C MPUMEHEHVEM aHaTOrMYHbBIX
mMeTomoB. Mpu cpaBHeHUM Bbinia 0bHapy»KeHa BbiCOKas!
cTeneHb CXOAMMOCTM MO BCEM METOAaM, a OT/INYMS He
NPEBbILLAM NOMPELLHOCT N3MEPEHUs NN OBYCIOBNEHI
B/ISIHEM [e0s10r0-TEXHOIOrMYECKNX YCIIOBUIA N3-3a
pPasHOro BpemMeH NpoBeaeHUS N3MEPEHWI.

reonornyeckoe conposoXxgeHue
MpencTaBeHHbI KOMMIEKC KapoTaxka B MpoLecce
BYpeHVst MO3BOSIAET PeLlaTh 3adaqm NeTpodUanN4ecKon
OLIEHKI CBOMCTB NSIaCTOB U HackILLatoLLEero dhsovaa
HE TOJIbKO MOC/Ie 3aBepLUeHns BypeHns HTepBaia

www.rogtecmagazine.com

LWD LOOCH-MK-2014 complex Size 172mm was

used while drilling the production string interval of pilot
directional well (bit @ 220.7mm), and Size 121mm for
horizontal sections (bit @ 155.6mm). The LWD tool is fitted
with a hydraulic communication channel. Its speed and a
decoding system gives a stable good on-line signal during
geophysical logging whilst drilling at a rate of 40 to 60
m/h. This is confirmed by comparing tool memory data
with final pipe-conveyed logging result.

Puc. 3. CpaBHeHne faHHbIx kapoTaka LWD, nofy4eHHbIX B
npouecce bypeHns 1 U3 namatn npubopa
Fig. 3. LWD Data vs. Memorized Data

In addition, each logged well interval was subject to wireline
or pipe-conveyed logging with the same techniques applied.

The comparison shows a high level of repeatability for all
techniques, while the variances do not exceed measurement
errors or these are caused by geological and technological
conditions due to different time of logging.
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Puc. 4. JanHble kapoTaxka 13 namsatn LWD-komnnekca

B CpPaBHEHWM C AaHHBIMN OKOHYATENIbHOIO KapoTaxka Ha
OyPUIIBHOM UHCTPYMEHTE

Fig. 4. LWD Complex Memory Data vs. Final Drilltool Logging Data

Geological Survey
The LWD tool makes it possible to perform a petrophysical
evaluation of the reservoir and saturated fluid properties
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Puc. 6. MnaHLWeT ¢ AaHHbIMW UCCNELOBAHNIA LLTAaMa Y UHTEPrpeTaLen TEXHOMOMMHECKVX NapaMeTpoB
Fig. 6. Masterlog with Cuttings Survey and Surface Logging Interpretation

B npouecce nHtepnpetaumm ganHbix ['VIC npu 6ypeHnn
HaKJTOHHO-HaMPaBIEHHbIX CKBEXXMH W MNIOTHBIX
CTBOJI0B 6bl/1M BblAeNEHbI HETEHACILLEHHbIE
nponaacTky, aPEKTVBHOM MOLLHOCTBIO A0 4 M,
nopucTocThio 12-18%, nporHuuaemocTbio 4o 10-20 M4 n
HedTeHaCbILLEHHOCTBIO 51-66%.

Takxke 6blN MCNONb30BaH PaCLUMPEHHDbIN aHaM3 AaHHbIX
TEXHOIOTNYECKNX NaPaMeTPOB Y LLISIaMOBOrO MaTepuaa.
MpUMeEHeHNe METOANK SHEProKaPOTaXKa NO3BOASIO
nosyyaTb ncesaoneTpodusmyeckne napameTps (6yposas
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Puc. 5. OkoH4yaTenbHas MHTEepnpeTauna gaHHbIX KapoTaxka B npoLecce 6ypeHv19| C onpepeneHnemM

Fig. 5. Final Interpreation of LWD Data and Determination of Poro-Perm and Saturation

not only after drilling but also
while drilling on realtime basis.

The target horizon at the
field under development are
YuV1 reservoir in Vasyugan
Suite composed of light-
gray to brown, fine-grained
sandstones; sandstones
interbedded with siltstone
and claystone layers. The
sandstones are oil-bearing
and characterized by lateral
and vertical heterogeneity that
makes horizontal tracking
difficult. Based on logging
data interpretation while driling
directional and pilot wells,
oil-saturated interlayers were
singled out: effective thickness
up to 4m, porosity 12 to 18%,
permeability 10 to 20 mD and
oil saturation 51 to 66%.

Enhanced analysis of the drilling parameters and cuttings
was also performed. Power logging techniques enabled
acquiring pseudo-petrophysical parameters (drilling
porosity and density) that reflected characteristics of rock
interacting with a bit. In addition to widely used methods,
the enhanced study of cuttings included measurements of
density, carbonate content and fractional analysis.

With described techniques and LWD data interpretation,
UGSBS engineers timely optimized the trajectory and

www.rogtecmagazine.com
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MOPUCTOCTb U MNIOTHOCTD),
OTpaXKaroLLe CBONCTBA
FOPHbIX MOPO[, B NPOLECCEe NX
B3aMOOENCTBUS C JOSIOTOM.
PacLumpeHHble nccnenoBaHns
wama, MOMUMO LLIMPOKO
MCMOMb3YEMbIX METOOVK,
BKJTIOYAN B CEO4A

N3MEPEHNs NIIOTHOCTU, el
KapOOHATOMETPUIO U - "
hpakUMOHHBIN aHan3. o \

OnucaHHbIN KOMMIEKC =N = ' l
METOONK B COBOKYMHOCTU | P
C WHTEpnpeTaumven = ! [
naHHbIX LWD B npouecce 0 ad |
BypeHus, Mo3BoNAN

cneuvanncTam cny>xosl o - : !

YICBC cBOEBPEMEHHO
onTMMM3npoBaTb
TpaeKkTopuIo n

NPOBOOUTbL CKBaXKVHY B
HedTeHaChbILLEHHbIX MOPOoAax,
KOTOpble 06N1adar0T YyHLLIEHHBIMUA
KOJITEKTOPCKNMY CBONCTBAMM.

FeomexaHnuyeckoe conpoBoXXoeHue

B npovecce 6ypeHus

s uenen yMeHbLLEHMS PUCKOB B MpoLecce bypeHns
NPOV3BOAMIOCE OOHOMEPHOE MEOMEXAHNHECKOE
COMPOBOXAEHME, KOTOPOE BKJIKOHaIO B cebs: aHanm3
anpropHOM MHOPMaLM 1 MOCTPOEHME NPeadypOBOn
FEOMEXaHMYECKOW MOAEM 1 MOOENN YCTOMHMBOCTU
CTBOJ12, MOCTPOEHNE MOENMN YCTONYMBOCTU B MPOLLECCE
OypeHusa no aaHHeIM LWD 1 TEXHONOMMYeCKImX
1CCeaoBaHuin, NOCTPOEHNE NOCTOYPOBOM
FEOMEXaHNYECKOM MOOENM MO AaHHBIM KapoTaxka

13 NamaTu.

OCHOBHbIE VHTEPBa/IbI C OCIOXHEHNAMYM Dbl
MPUYPOYEHbI K HEYCTOMYMBBLIM aprniiuTaMm H13a
METMOHCKOW U re0prmeBCcKom CBuT. B npouecce
MOLENNPOBaHVIA 1 NOCe00BaTENBHON KanNMBpOBKA
MOAeNM 6blnm NoaobpaHbl MIOTHOCTU BYPOBOIro
pacteopa. [Npu BypeHnn HTepBana nog,
SKCMyaTaUMOHHYHO KOSTOHHY U MUAOTHOIO CTBOSIA Obl
pekoMeHOoBaH BypoBOM PacTBOP MAOTHOCTLIO 1,20-
1,23 r/cM®, Npy NOAXOAE K HEYCTONYMBBLIM FOPU30HTaM
aprnnnnToB yBennderne go 1,25. B ropnsoHTasibHOM
y4yacTke 6bl10 PEKOMEHAOBAHO NPUMEHEHE BYPOBOro
pacTBopa naoTHocThio 1,09-1,12 r/em®,

Takxke 6bln NPOBEAEH aHaNN3 TPAEKTOPUM Ha
npeaMeT CTabubHOCTN CTBOSA CKBaXKMHBI. Bbifo
0BHaPY»XKEHO, UTO MPOEKT BypeHus npeanoiaras
PACMONOXKEHNE TOPUSOHTASTbHBLIX CKBaXKMH GIN3KO

www.rogtecmagazine.com

Puc. 7. MpyMep reonorMyeckoro ConpoBOXAEHNA C ONTUMN3MPOBAHHOM TPAEKTOPUEN
Fig. 7. Example of Geo Survey with Optimized Trajectory

track the well in oil-saturated rock that has better
reservoir features.

Geomechanical Survey while Drilling

To reduce risks while drilling, a1D geomechanical survey
was performed including: Analysis of a priori information
and pre-drilling geomechanical and a wellbore stability
models, adjustment of models while drilling basing on

the LWD data and technological studies, post-drilling
geomechanical model basing on the logging memory data.

The main complicated intervals occurred in unstable
shales in the bottom part of Megion and Georg Suites.
Modeling and successive model calibration resulted in
proper mud density determination.

While drilling the production interval and pilot well, the
recommended mud density was 1,20 to 1.23 g/cm?® which
increase to 1.25 when approaching the unstable shale
horizons. For the horizontal section, the

recommended mud density was 1.09 to 1.12 g/cm3.

In addition, the trajectory was studied to determine

the wellbore stability. It was discovered that the drilling
program expected the horizontal well location to be close
to the maximum fracturing stress that affects both rock
stability in the borehole environment and the hydraulic
fracture propagation. Unfortunately, the considerable
drilling azimuth deviation requires more time for and
deeper elaboration of design. However, the trajectories
were optimized as much as possible to minimize well
construction risks.

Priori stability models were based on the projected well
trajectories and further improved by adjustments of
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MapameTpbl 6ypeHus Driling Parameters

Ne peiica / Trip No. 11

®AKT (LWD) - ACTUAL (LWD)

MNPOEKT - DESIGN

Tun ponora / Bit type BUT 155,6 (BIT)
Tny6ua ckeaxmrb / MD M 3820

BeprvkanbHas rny6ura/ TVD M 27255

BenwTHbii yron / Inclination Tpan deg 89.39

AanmyT / Azimuth Tpaa deg 159

Harpyaka Ha aonoto / Weight on bit (WOB) T 310

O6opors BCT/ Top drive speed O6/mutH rpm 20-40

Kon-80 paBo-ix GypoBbix Hacocos / Mud Motorsbeing Rup 2

Buynikut 6ypoBbiX Hacocos / PUmp liners MM 140/165 P
Nasnenvte / Pressure ATM. 150-178 J

Pacxop Npom. xuaKocTv / Mud usage ncex /s 14 0K245_1025

Npouecc Process CMO rd tp operations =

MapameTpbl 6ypoBoro pactBopa Mud Parameters

Mn-Te Bsiak HC CHC BO Ts chasa B3 -
Density | Viscosity DS ss WL sand PH sT -
r/om3 cex | aMa/dPa | pfMa/dPa | mn/30 cex % muH/himin
1.08 45-55 20-30 | 6-10/10-18 <5 <05 8.5-11 | Mpoekt/Design
1.10 45 24 6/12 46 0.2 10 6:00
1.10 45 21 6/14 48 0.2 9.5 23:00
PacueTHble ganHble Design data
Prytmano crony | e Sommityron | TOTE PN g1y s [ — -
Measured length wo Incination Mud density EOD | Golapse gradient | Lost ciculation gradient -
M M rpan/deg r/em® / g/cm® | rpap/deg | rpap/deg rpan/deg
2901.2 2635.47|  64.65 1219 1.207 12 1.475
3199.6 27059 | 8083 1.257 1.335 1.28 1.57
3517.2 27218 | 89.89 1.096 1.239 0.98 1.42 =
3725.8 3724.1 89.33 1.082 1.233 0.99 1.42 o
3798.8 27252 | 8931 1.092 1.246 0.99 143 ;
KommeHTapwii: . —
VHTepBaUibl NoTeHUMabHbIX 06pyLueHnia: 1000.1-1176.5 m, 1227.1-1232 m, i
1253.6-1292.1 m, 1303.1-1508.7 m, 1652.7-1703.5, 1762.7-1822 m, 2101.3-2110.1 rJY

M, 2238.9-2415.2 M, 2673-2677 M, 2770-2774 m, 2805-2921 M, 2945-2970 m, 3070-
3099 m, 3121-3145 m, 3176-3222 m, 3267-3800 M.

PekomeHnpauum: -
IMpy NPOPaBOTKe KOHTPOIMPOBATE SKBUBANEHTHYIO LIMPKY/ISLIMOHHYIO MIOTHOCT
(BLUM) npw BypeHnm (DasneHne HarHeTaHWs 1 PacxXof) U CyCKO-MNOABLEMHbIX
onepaLsix (80 13bexkaHyie athdeTa cBabPOBaHMS UM MOPLUHEBAHMS OFPaHNYNTL L
ckopocTb CMO po 0.2-0.3 M/C B MHTEpBanax ocnoxHeHnn 1 ao 0.4 Bo BCeM CTBONE).
[Mpy NoBBbILLIEHVW razonokasaHyis noarotosuTs BYC. Mposeputs coctas hpakLmin
KonbMaTaHTa. KoHTposb aosmea

Comment:

Collapsible intervals: 1000.1-1176.5 m, 1227.1-1232 m, 1253.6-1292.1 m, 1303.1-
1508.7 m, 16562.7-1703.5, 1762.7-1822 m, 2101.3-2110.1 m, 2238.9-2415.2 m,
2673-2677 m, 2770-2774 m, 2805-2921 m, 2945-2970 m, 3070-3099 m, 3121-3145 ~ OK178 3221 il |~
m, 3176-3222 m, 3267-3800 m.

Recommendations:

In the design work, the control equivalent circulating density (ECD) while drilling (injec-
tion pressure and flowrate) and round trip operations (to avoid swabbing, reduce rd tr
operations to 0.2-0.3 m/s in complicated intervals and to 0.4 m/s through the wellbore).
Prepare coal-water slurry in case of exceeded gas shows. Check LCM fraction compo-
sition. Monitor makeup.

3789m =

P | DakTuveckoe

Crepeorpammsbl / Stereograms

® panpasnerie
Actual direction

@ OnTumansHoe
HanpasneHue
Best direction

O6pyLueHnit / Fracture Mppopa3speisa / HF

K MakCumMasibHOMY ropU30HTasIbHOMY CTPECCY, YTO
OTPULATENTBHO CKa3bIBAETCH Kak Ha YyCTOMUYMBOCTU

nopo., OKOSTOCKBaXKMHHOMO MPOCTPaHCTBA, Tak U

Ha pacnpocTpaHeHne TpewwH MPI. K coxxanernto,
3HAUUTENBHOE VBMEHEHME a3nMyTa BypeHns TpebyeT
60/bLUE BpeMeHW 1 6onee rnybokon NpopaboTKy
npoekTa. TeM He MeHee, TPaeKTopumM BblM MakCMabHO
ONTUMM3MPOBAHBI C LIESTBIO CHDKEHMS PUCKOB B
NpoLECCe CTPOUTENBCTBA CKBAXKMH.

ANpPUOpPHbIE MOAENN YCTONHYMBOCTY ObIN

NMOCTPOEHbI MO MPOEKTHbIM TPAEKTOPUSM CKBaXKUH U
COMPOBOXAa/IMCh B MPOLECCE N KOPPEKTUPOBaIUCH
COBMECTHO C YTOYHEHVEM re0I0rMYeCcKom 0BCTAaHOBKM,
reOMEXaHNYECKMX CBOUCTB U 3MEHEHNSI TPAEKTOPUM.

MOCTPOBHHBIE NTEOMEXaAHNYECKME MOOEIM COrNacytoTcs
€ (haKTUYECKNUMM OaHHbIMM, U MPOBedeHHbIe MpoLeaypbl
Ha 9TOM 3Tarne No3BOJIMN YMEHBLLUUTL OCIOXKHEHUS
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Puc. 8. MNprmep reoMmexaHn4eCckoro ConpoBOXOEHNS OYPEHNS FOPUSOHTaIbHOM
CKB&XXVHbI B MpoLiecce bypeHns
Fig. 8. Example of Geomechanical Survey while Drilling for Horizontal Drilling

geological environment, geomechanics and
trajectory changes.

The geomechanical models correspond to the actual data;
the procedures performed at this stage reduced problems
while drilling and trip operations by 30%.

Technological Survey while Drilling

The technological survey included a priory calculations

of penetration rate, weights, torgue and loads during

well construction and technological survey with state-of-

art process controls used on the rig site and in the LWD
system. The most operating problems related to the Frolov
and Georg Suite intervals. In the intervals, high vertical
heterogeneity of the mechanical properties (demonstrated by
geomechanical model) altered the rock’s contrast mechanics,
including strength. This resulted in high transverse vibrations
while drilling (up to 30G vs. 10 maximum allowable), even
damaged BHA, high wear and tear of bits and centralizers.
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npy BYPEHUM 1 CMYCKO-MOABEMHbIX
onepaupsx Ha 30%.
TexHonorunyeckoe
conpoBoXageHue bypeHuns
TexHOMOrN4Yeckoe COMpPOBOXKAEHVE
BKJTHOYaU10 B cebs Kak arpuopHble
pacyeTbl MeXaH4YecKom CKOPOCTH,
BECOB, MOMEHTOB 1 HArpy3o0K,
BO3HUKarOLLIX MPn CTPOUTESIbCTBE
CKBaXXVH, TaK 1 TEXHOJ10IN'M4eCKoe
COMPOBOXAEHWE MPU MOMOLLM

COBPEMEHHOIo 060PYa0BaHUS
TEXHOTOMMHYECKOrO KOHTPOSIA Ha
OypoBon 1 B cucteme LWD.

Hanbonbluee KOAMHECTBO
TEXHONOMYECKNX OCIIOMKHEHN
ObI710 CBA3aHO C MHTepBaNamMm
POIOBCKOW 1 FEOPTMEBCKOWN CBUT.
113-3a BbICOKOW BEPTUKATBHOM
HEOHOPOOHOCTI MEXaHNYECKNX
CBOWICTB (4TO 6bI/1I0 MOKa3aHo Npu
reOMEXaHMYECKOM MOAENPOBaHNN)
019 OaHHBIX MHTEPBAIOB ObINO
CBOWCTBEHHO MNepeciavBaHvie Nnopof,
C KOHTPaCTHbIMN MEXaHNYECKMM
CBOWCTBaMM, OTBEHAOLLIMUA B

TOM YUCIIE U 38 XKECTKOCTb. ITO
MPUBOONIIO K BOSHUKHOBEHMIO
BbICOKMIX MoMnepeyYHbIX BUbpaLmi npu
BypeHunn (0o 30G, npun MakcUmanbHO
nonyctiMbix 10), BMAOTb 40 Bbixoga
anemeHToB KHBK 13 CTpOos, MOBbILLEHHOW OTPaboTKe
OONOT U LEHTPUPYIOLLIMX 9N1eMeHTOoB. [onyyeHre
OaHHbIX O BUOpaUMSX C TENECUCTEMbI U HabNOAEHVE
3a JaHHbIMM Ha MOBEPXHOCTM NO3BOIMIO NoA06paTh
TEXHOJIOMMYECKME MapaMeTpbl (Harpy3sKy Ha 40J10TO

1 060POThI MHCTPYMEHTA), CHU3VBLLIE BO3HMKAIOLLME
BMbpaumm B 5-10 pas.

Takke B KpOBJ/ie reOprmeBCKON CBUTbI Obl1 MpeackasaH
NHTEPBaUT PE3KOro NafeHVs MeEXaHUYECKOM CKOPOCTY,
YTO CBS3AHO C BbICOKMMM MPOYHOCTHBIMY CBOMCTBaMM.
Hannume aToro nHTepBana noaTBepaMIoCh B MpoLecce
Bypenus.

BbiBoOpbl

[MpoBeAeHHbIN aHaU3 NHXEHEPHbBIX U
OpraHV3aUMOHHBIX PELLEHUI, & TakxKe OOCTUTHYThIX
pes3yibTaToB A0Ka3biBAET aKTyasIbHOCTb
NHTErprUpPOBaHHOIro Noaxoaa, CO3AaHNs NOSTHOLEHHbIN
CUCTEMbI, & TaKKe BCECTOPOHHErO U TECHOIO
B3aVMOENCTBUSA MEXAY BCEMU yHaCTHUKaMMN
npouecca bypeHus.

[aHHble paboTbl MO3BONMNN COENATb CreayoLme

www.rogtecmagazine.com

Puc. 9. KapTa MexaHn4ecKom CKOpPOCTW, BECOB 1 MOMEHTOB Mpw BypeHunmn
TOPU3OHTASILHON CKBaKMHbI
Fig. 9. Diagram of Drilling Rate, Weights and Moments for Horizontal Drilling

Vibration data from downhole tools and surface data
monitoring allowed to establish driling parameters (WOD,
tool rpm) which would reduce the vibrations by 5 to 10 times.

Also, it was possible to identify an interval in the top of
Georg Suite where drop in ROP was expected due to
the high strength properties. The interval existence was
confirmed while drilling.

Conclusions

The performed analysis of engineering and organizational
solutions and achieved results demonstrate how important
it is to apply integrated approach, create full-scale system
and provide comprehensive and close interface between
all disciplines.

These works led to the following conclusions:

e |LOOCH-M-2014 LWD system supply open hole logging
data while drilling for geological, petrophysical and other
interpretations, also used for conclusions and reserve
calculation;

e Geological and technological survey according to all
standards will help timely anticipate or eliminate drilling
problems;

ROGTEC 107



B GYPEHVE

BbIBOApb!I:

e Tenecuctema JTIYH-M-2014
¢ Komnniekcom LWD
NO3BONSET peLlaTb

3aa4m rno reoOnsnHecKomMy
NCCeO0BaHNIO OTKPbITOrO
CTBOJ1a CKB&XXVHbI B NpoLecce

OypeHnsa ons reoorn4eckomn, y . 1 l
NeTPOMU3NYECKON 1 OPYrX r '
VHTEPNpEeTaLWii, a TakKe vad Mot e WL
Bbla4V 3aKIIIOYEHNIA 1 E LA Hgh Camyirg OutDrl. [ 1l
.:l- e Pacxop. Ha BbIXofe oTpaxaeT Cumngs
nogcyeTta 3aracos; [ o 3MeHeH1e 0GbeMoB )
nl;;:zz;"%"gsﬁ::g’:}?,w zog | & Output flowrate reflects volume
Determination aocuracy‘of ! 'i variations r:
* [poBefeHVe KoMrIeKca rovementabove 0.95m = j FagoBuit aHas Asyms hl
i - | mMetTogamu
reon10ro-TexHosI0rn4ecKoro R - \ Gas analysis by two \ |
:-‘ thod: y
COMPOBOXAEHNS, e e il ] li
COOTBETCTBYIOLLIErO BCEM : — — 1] i
cTaHgapTam, No3BoNT T ;: i :
CBOEBPEMEHHO ynpexxaaTb Vv i 1 | 4
JIMKBNONPOBATL OCJIOXKHEHNSA. e DUKCaUMS MOMEHTOB 1 / |
o6opoTos poTopa n B3[1 E /
Rotor and DDM moment and rom | (
registered |
e KOMMIEKC reOMEexXaHN4eCcKoro , - 11 !l :
nnl & | 1 % | . oo, |

MOOEIMPOBaHWS, NP
obecnevyeHnn JocTaTO4HbIM
KOMIMJIEKCOM WMCCieJoBaHNIA,
No3BOMNT NOOODPAaTh
ONTUMaJIbHbIE PEXMBI,
HaNpaBneHVs 1 CBOWCTBA
OypOBbIX PACTBOPOB 415 6onee
YCMELLHOro BYPEHNST CKBaDKMH.

[aHHble hakTopbl, B COBOKYMHOCTU C PaboTOCMOCOOHOM
CVCTEMOW, MO3BOMIAOT J0ONBATLCS 3HAYUTETBHOIO
COKpalLLIEHVS1 CDOKOB CTPOUTENBCTBA CKBAXKUWH. YKe Ha
JaHHOM aTarne 6b110 AOCTUrHYTO YMEHbLLEHNE CPOKOB
CTPOUTENBLCTBA OJHOWN CKBaXKWHbI Ha:

e 1,6 CYTOK OTHOCUTEJIbHO MPOEKTHbLIX PaCHETOB;

e 5,3 CyTOK OTHOCUTESIbHO CTaHOAPTHOrO Noaxona ¢
npoeegeHnem N/IC B OTKPbLITOM CTBOJIE.

[Mpn 0TpaboTKe TEXHOIOMMM 1 MOCTAHOBKE €€ Ha
NMOCTOSAHHOW OCHOBE, MIaHNPyeMas SKOHOMUS
CPOKOB CTPOUTENIbCTBA OOCTUIHET 3,8 1 7,4 CYTOK,
COOTBETCTBEHHO.
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Puc. 10. MNnaHLWweT TEXHOIOrMYECKOro CONPOBOXAEHMS npoLiecca bypeHnst
Fig. 10. While Drilling Technological Survey Panel

e Geomechanical modeling in case of sufficient set of
drilling data will facilitate determination of optimal
drilling parameters, trajectory and mud properties for
successful drilling.

Such factors coupled with the efficient system will
considerably reduce well construction time. At this
stage, single well construction period has been already
reduced by:

e 1.6 days vs. the estimation;

e 5.3 days vs. standard approach with logging in open hole

With the technology elaborated and permanently applied,
the planned construction days saving will be 3.8 and 7.4
days respectively.
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