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Part 1

[TpoekTnpoBaHne 1 CTPOUTENLCTBO CKBaXXKMH ¢ BOB

Ha FOpxaposckom HI'KM

Engineering and Construction of ERD Wells at the Yurkhar OGCF

3AO «/HBecTreocepsuc» TykTapos Hamup Xatunosud, eHepanbHbIi AMpeKTop;
3AO «/HBecTtreocepsuc» 'ynos Aptyp Pusanesny, PykoBoauTenb NpoeKTa;

OAQO «HOBATSK>» (nebos EBreHnin Bnagimmnposuy, 3aMecTUTeNb AMpeKTopa AenapTameHTa rno
TexHonorum J:leﬂapTameHTa CKBaXKVHHbBIX TEXHOSOM 1 cyﬂepBal?lalera;

OAO «HOBAT3K> LLIokapes VigaH Banepvesnd, 3amecTuTeb HavaibH1Ka yrpasneHms
CKBaKUHHbIX TEXHONOrM [lenapTamMeHTa CKBaXKUHHbIX TEXHOMOMNIA 1 CynepBananHra;

000 «HOBATIK-HOPXAPOBHE®TEIA3» Kypacos AnekcaHap BnagummpoBud, 3amecTutesls
reHepasibHoOro AVpeKTopa Mo 6ypeHuio, HaYabHUK YrpaBsieHs Mo BypeHuio.

BcTynneHue

000 “HOBATOK-IOPXAPOBHE®TEIA3” (oo4epHee
npepnpusatrne OAO “HOBATOK”) coBmecTHO ¢ 3AO
“VIHBECTreoCcepPBUC” YCMELLHO 3aBEPLLIMAM CTPOUTENBCTBO
CaMbIX MPOTSHKEHHDBIX (A1 MaTEPUKOBOW YacTu
Poccuickon Pegepaupm) CKBabKUH C 60bLLNM OTXOA0M
ot BepTukasn (BOB, ERD wells).

OkoHYaTesnbHbIN 32601 ckBaxkH NeNe 1-A n 2-A
KOpxapoBCKOro MeCTOPOXAEHUS cocTaBun 8497 n 7274
METPOB COOTBETCTBEHHO. Y MHOIOCTBO/IbHON CKBaXKMHBbI
Ne 3-A (MHOrOCTBOJ/IbHAs CKBaXKMHA) OKOHYaTE TbHbIE
3abou coctaBum 7418 1 7438mM COOTBETCTBEHHO.

Komnanns 3AO «/HBecTreocepBmc» (eHepanbHbIN

noapsaYMK MO CTPOUTENBCTBY CKBaXKMH) OCYLLIECTBMIA
paboTbl MO BYPEHNIO PEKOPAHBIX CKBaXKMH, C
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CJSC “Investgeoservice” Damir Tuktarov, General Director;
CJSC “Investgeoservice” Artur Gulov, Project Manager;

JSC “NOVATEK” Evgeny Glebov, Deputy Director, Technology Department of Boreholes
Technologies and Supervising;

JSC “NOVATEK” Ivan Shokarev, Deputy Head, Technology Department of Downhole Borehole
Technologies and Supervising;

LLC “NOVATEK-Yurkharovneftegas” Alexander Kurasov, Deputy General Director - Drilling,
Head of Drilling.

Introduction

NOVATEK-YURKHAROVNEFTEGAZ LLC, a subsidiary
of NOVATEK JSC, in co-operation with Investgeoservice
CJSC, have successfully completed construction of the
longest extended reach drilling (ERD) wells in the Russian
Federation.

The final TD (Total Depth) of wellbores No 1-A and 2-A

of the Yurkhar field totaled 8,497 and 7,274 meters
respectively. The final TD (Total Depth) of wellbore No 3-A
(@ multilateral well) totaled 7,418 and 7,438m respectively.

Investgeoservice CJSC, the general drilling contractor
for the project, has accomplished these record-breaking
wells by applying the most advanced technologies

from leading Russian and international oilfield service
companies.
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NPUBEYEHVEM CaMbIX COBPEMEHHBIX TEXHOOMI
BEOYLIMX POCCUMCKIX 1 MUPOBbLIX CEPBUCHbIX
HebTera3oBblX KOMMaHnn. CnaxkeHHas COBMECTHas
paboTa crneumanmcToB 3akasurka, ['eHepanbHOro
nogpsaqmka 1 cyénogpsaaHbiX OpraHmM3aumin nokasana
He TO/bKO BblOatoLLUMecs yenellHble pesybTaThl

B 06/1aCTV NMPUMEHEHNS HOBbIX TEXHOJIOMIA NP
CTPOUTESIbCTBE CKBAXKWH, HO 1 OT/IMYHbIE NOKa3aTen
B 06/1aCT 6E30MaCHOCTY 1 OXPaHbl Tpyda. Takke
HY>KHO OTMETWUTb, 4YTO 0coboe BHMMaHne OAO
«HOBATOK» 1 3AO «/HBecTreocepBuc» yaoensnocs
BOMpPOCaM COXPaHEHVs OKPY»KatoLLer cpefp!,

YTO HEM&JTOBXXHO, Y4MTbIBas reorpadmyeckoe
PaCMoNoXKeHNE NPOBOAVMbIX PabOT — B akBaToOpUMn
Taz0BCKOWM rydbl B HEMOCPEACTBEHHOM 6M30CTM OT
wenbda Kapckoro Mops, 0bunmemM 3anmBoB, pek, 6010T
1 03ép. BegeHve Npor3BOACTBEHHOM OESTEBHOCTU
CBSA3aHO C MOBbILLEHHbIMY TPeboBaHUAMN B 061acTu
9KOOrMYECKOM 1 MPOMbILLNEHHOM 6e30MacHOCTH,
C/IOXKHOWM NegoBON 1 FreOKPUONIOrMYECKOWM
0B6CTaHOBKOW, OXPaHOM MECT TPAAMLIMOHHOIO
XO3ANCTBOBAHNSA KOPEHHOIO HACEEHUS!, MECT
0bUTaHUSA peaKnx 1 ncdesaroLmx BUOoB pacTeHun 1
YKNBOTHbIX.

TexHOMorN, NCNOJIb30BaHHbIE MPU CTPOUTENBCTBE
YKa3aHHbIX CKBaXKMH, MOMYT YCMELIHO NMPUMEHSATLCS A1
pPaspPabOTKM CEBEPHbBIX U aPKTUYECKMX MECTOPOXXOEHWI,
B TOM 4KCJIE 3aracoB AMaibCKoro, Ta3oBCKOro 1
['blAAHCKOro NOSTYOCTPOBOB (BXOAST B COCTaB SiMano-
HeHeLKoro aBTOHOMHOIO OKpyra), YTo SABNSETCS
CTpaTerMyecKom 3agaden ans rasoown otpacam PO.

O komnaHmm «<HOBATOK»

OAO «HOBATOK>» — kpynHenLnia [1] He3aBUCUMBIN

1 BTOPOW N0 06bemMam OO0kl NPO-13BOANTESb
npupodHoro rasa B Poccun. CospanHHast B 1994

rogy, KoMnaHns 3aHMMaeTcs pa3-BeaKon, Jobblvel

1 NepepaboTKOM rasa 1 XXUOKNX yrinesoaopoaos.
MecTopoXXaeHVs 1 NNLEH3U-OHHBIE YHACTK KOMMOAHN
pacnosioXeHbl B AMano-HeHeukoM aBTOHOMHOM OKpyre,
KPYMHeNLeM B MMPE pernoHe no aobblye NpupoaHoro
rasa, Ha gonto KOTOPOro npuxoamTtesa okoio 90% aobblun
NpUPOOHOro rada B Poccumn n npubamnantensHo 17 %
MUWPOBOro o6bema 0obblumM raza.

«HOBATOK» CTpemMuTcst HENpepbIBHO

HapalMBaTb PECYPCHYO 6a3y NyTeM NPOBEAEHUS
reosioropasBenoyHbIX paboT. VIcnonb3ys COBPEMEHHbIE
METObl Pa3BeaKM U paspaboTki, Kom-naHns
SKOHOMUYECKU SDPEKTVBHO OCBaMBaET 3anachl,
OOCTUrast MakCUMasbHOMO YPOBHS M3-BEHEHNS
YyrneBoaopoaos. 10 pedybTatam HE3aBMCUMOW OLIEHKU,
npoeeaeHHoM komnarmen DeGolyer & MacNaughton,

Mo cocTosHMIO Ha 31.12.2014 r. goKa3aHHble 3anachb!
YrNeBoaopoaoB KomMnaHum (BKIKoYas oMo B 3anacax

www.rogtecmagazine.com

By coordinating the efforts of experts from the operator,
general contractor and subcontractors, the well
construction program not only produced outstanding
success in the application of new technologies, but it also
resulted in an excellent occupational health and safety
performance record as well.

In addition, it is worth noting that NOVATEK JSC and
Investgeoservice CJSC have paid special attention to
environmental protection issues. This is an important
factor because of the geographical location of the project,
near the Taz Estuary wetlands and in the close vicinity of
the Kara Sea shoreline which has abundant creeks, rivers,
marshes and lakes.

Regional operations contain strict requirements regarding
safety and environmental protection, challenging ice and
geocryologic conditions, protection of the indigenous
people’s traditional farming areas, as well as habitats of
threatened and endangered species of flora and fauna.

The technologies used in the construction of these
wells can be successfully applied in the development of
Northern and Arctic fields, including the deposits within
the Yamal, Taz, and Gydan Peninsulas (parts of the
Yamal-Nenets Autonomous District), which are strategic
objectives for Russia’s gas industry.

About NOVATEK

NOVATEK JSC is the largest [1] independent producer
and the second largest producer of natural gas in Russia.
Established in 1994, the Company is engaged in the
exploration, production and processing of gas and liquid
hydrocarbons.

The various fields and licensed blocks belonging to the
Company are located in the Yamal-Nenets Autonomous
District, the world’s largest region of natural gas extraction,
which accounts for about 90% of the natural gas
extracted in Russia, and for about 17% of the global gas
production.

NOVATEK aims to continuously strengthen its resource
base by carrying out exploration activities. By using
modern methods of exploration and development, the
Company provides cost-effective development of their
resources, while achieving maximum hydrocarbon
production rates.

According to the results of an independent evaluation
carried out by DeGolyer & MacNaughton, as of December
31, 2014, the proven hydrocarbon reserves of the
Company (including its shares in the reserves of joint
ventures), in accordance with the SEC standards, totaled
12,578 min BOE, including 1,747 blin m® of gas and 135
min tons of liquid hydrocarbons.
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COBMECTHbIX MpeanpusaTuii) no ctangaptam SEC cocTas-
nsann 12 578 MnH 6H3, B ToM vncne 1 747 mnpa M8 raza u
135 MNH T XKUOKWX YrIeBOOOPOLOOB.

O komnaHuu «MIHBecTreocepBunc»

pynna KoMnaHun «/IHBecTreocepBuc» [2] 06beanHIeT
cneumananpoBaHHble MPeanpUsTUS B 061acTu
CTPOUTENBCTBA MONCKOBO-Pa3Bed0 HbIX, HAKITOHHO-
HanpaBIEHHbIX SKCMITyaTaLMOHHbBIX CKBEXKIH,
FOPU3OHTasTbHBIX CKBaXKMH U ckBaxkH ¢ BOB (ERD),
NHTEPMNPETALMN FE0NOMYECKUNX 1 FeODN3NHECKNX
JaHHbIX, MOACHETA 3arnacoB Yr1eBOA0POAOR, MOCTPOEHNS
Fe0SIONMYECKIMIX U MAPOANHAMNYECKX MOAENEN
MECTOPOXOEHI, MPOEKTOB PaspaboTKN MECTOPOXKAEHNIN,
NCCNEO0BaHNS CKBXKVH, 3EMJIEYCTPOUTESbHBLIX PaboT.

pynna koMnanun «/IHBECTreoCepPBUC» OCYLLIECTBASET
YHKUMM NCNOSHUTENS 1 KoopaMHaTopa
HedTECEPBUCHBIX YCIIYT Ha YCOBUSX FreHepasibHOro
nogpsana nn MHTerpupoBaHHOro ynpasiieHnd
MpPOEKTaMu.

Knto4eBbIMY KOMMETEHLMSMI TPYMMbl KOMMaHWA

«/IHBECTrEOCEPBUC» ABMATCS:

v creupann3aums Ha CTPOUTENBCTBE TEXHOIOMMYECKN
CNOXKHbIX Pa3BeO0YHbIX 1 3KCMTyaTaUMOHHbIX
CKB&XXVH C BonbLUMMK oTXoOamu OT BepTukanu (ERD);

v HOMBMAOYyanbHbIM MOAX04, K BbIOOPY TEXHOIOMMIA OT
BEOYLLMX MOCTaBLLUVKOB TEXHOIOTMYECKIX YCIyT 015
Hanbosee 3 DEKTMBHOIO PeLLeHNs 3aaY 3aKasuqmKa;

v/ MHOIOIETHWIA OMbIT BeAeHNs OypoBbIX paboT B
APKTUNYECKMX ParoHaxX 1 Ha aBTOHOMHbIX MPOEKTax.

3HaunTebHbIA OMbIT MPYMMbI KOMMaHWi
«/IHBecTreocepsmc» B 06/1aCTV NPOV3BOACTBA OYPOBbIX
PaboT 1 reoNorMYecKnX NCCeqoBaHNU NO3BOISET
YCMeLLHO pellaTh KOMIM/IEKCHbIE 3afa4un 3aKasumka.

O mecTopoXXgeHnu

FOpxapoBckoe HehTeEra30KOHOEHCATHOE MECTOPOXAEHNE
(FOHI'KM) siBAsieTcst OCHOBHBIM A0ObIBAOLLMIM aKTVIBOM
«HOBATOK».

MecTopoxaeHue oTKpbITo B 1970 roay 1 pacnoloXeHO
3a CeBepHbIM [10N1SPHBIM KPYIOM B HOr0-BOCTOYHOM
4YacTn Ta30BCKOro nonyoctposa B HagbimM-Iyp-
TasoBCKOM paroHe. 3anagHas 4acTb MECTOPOXXAEHNS
HaxoauTcsa Ha Ta3oBCKOM MOJlyOCTPOBE, a
LeHTpasibHasd 1 BOCTOYHAs 4acTu PacrnofIOKEHb! B
baccelHe Ta3oBCKOWM rybbl, NpW 3TOM CpeaHsas rnybuHa
3a51Ba COCTaBNSET YeTbipe MeTpa. Pa3bypurBaHme
MOPCKOW YacT MECTOPOXAEHMSI MPOU3BOOUTCS C CyLLIN
C NMPUMEHEHNEM FOPU3OHTASIBHBIX CKBaXKMH.

3anacbl MecTopoXaeHns no ctaHaapTam SEC Ha KoHel,
2014 ropa coctasnanm 363,4 mnpa M raza v 17,2 MIH T
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About Investgeoservice

The Investgeoservice group of companies [2] brings
together entities specialized in the construction of
exploration wells, directionally-controlled wells, horizontal
wells and ERD wells, as well as interpretation of geological
and geophysical data, calculation of hydrocarbon
reserves, development of geological and hydrodynamic
field models, field development plans, well testing, and site
management.

The Investgeoservice group of companies carries out
the functions of an oil service provider and coordinator
on the basis of a general contract, or integrated project
management.

The key competencies of Investgeoservice group of

companies are as follows:

v specialization in drilling technologically complicated
exploration and production ERD wells;

v individual approach toward the selection of technologies
from the leading providers in order to provide the most
effectively solutions to meet the needs of the Customer;

v long-term experience in drilling operations in the Arctic
areas, even under stand-alone projects.

The considerable experience of Investgeoservice group
in the fields of drilling and geological exploration studies
enables them to successfully resolve the complicated
challenges of the Customer.

About the Field
The Yurkhar oil and gas condensate field (YOGCF) is the
main producing asset of NOVATEK.

The field was discovered in 1970 and is located above
the Arctic Circle in the south-eastern part of the Taz
Peninsula’s Nadym-Pur-Taz district. The western part of
the field is located in the Taz Peninsula, the central and
eastern parts are located in the basin of the Taz Estuary,
where the average depth of the estuary is four meters.
The development of the offshore part of the field shall be
carried out from land through the use of horizontal wells.

According the SEC standards, as of the end of 2014, the
field reserves totaled 363.4 bln m3 of gas and

17.2 min tons of liquid hydrocarbons. The bulk of the gas
reserves fall on the Valanginian horizon. The productive
deposits are compactly located in a relatively small area
(approximately 260km?), which increases the efficiency

of their development and deployment in terms of capital
and operating costs (see Figure 1). The field is located
approximately 300km north of the town of Novy Urengoy
and about 50km east of the Yamburg field.

The field development model includes the drilling of large-
diameter, multilateral horizontal wells, which enables the

www.rogtecmagazine.com



TAM, T'OE OPYIVE BUOAT NPENATCTBUA,
BAROID BUOUT BO3MOXXHOCTU

SAO0AEM CTAHOAPTbI 3KOJIOIrMHYHOINO BEOAEHUA BU3HECA

OpHa 13 coBpEMEHHBIX KOMMaHWI MO BbIMYCKYy aBTOMOGUNEN BHeApWUa NIMHUIO NEePEMELLEHNS OTXOL0B,
Mo KOTOPOW METANONOM HanpaBMseTCH HA NPECCOBOYHLIN 3aBOA KOMMNaHUN. 3a CHET 3TOTO KOMMNaHUsi
CoKpaTuna 4Y1cno pencoB rpy3oBUKOB M 06bEM yrnepogocoaep ) aLlimx BelopocoB. Takon xe
WHHOBALMOHHbIM NOAX04 Heobxoaum AN pasBUTUS U peanusaumm BO3MOXHOCTEN nepepaboTku n
yTUNM3aLUMmn OTXOAO0B Af1s PaioHOB, B KOTOPLIX COpPOCHI HE AonycTUMbI BoBce. MoapasaeneHve
Baroid noHumaert, 4To HeobxoaNUMOCTb peLLeHMs NpobrneMbl COpoca OTXOA0B MOXET CO34aBaTb
OrpaHNYeHunst Npu peanuaaummn NpoekToB. No3Tomy Mbl B MOCTOSSHHOM B3auMOAENCTBUM

C 3aKa34yMKoM paspabaTbiBaeM peLLEHUs, OTBEYAIOLLIME SKOMOrMYEeCKMM HopMaMm Unn
Oaxe npeeocxoasiume TpeboBaHusa 3TMX HOpM. Halle noapasgeneHve npeanaraet
obopynoBaHme 1 ycrnyri no 3akavke BblOYpeHHON NOPOAbI B MACT HEMOCPEACTBEHHO
Ha Touke BypeHus. Takum obpas3om Mbl MPEBPALLAEM OrpaHUYEHNS B NPEMMYLLECTBA,
MO3BOMAOLLME BaM COKPaTUTb pacxodbl, CHU3UTb 06 LEM TPaHCMOPTUPOBKN OTXOO0B U
obecneunTb HyNeBoW ypoBeHb COPOCOB.

BwmecTte mbl pacwmpum rpaHunLbl BOSMOXHOIo

halliburton.com/baroid/challenge u halliburton.ru

HALLIBURTON

Baroid

Solving challenges.™

© Halliburton, 2015. Bce npaga saluyLLeHbl.
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"a3onposop,
Gas pipeline

L-% KoHpeHcaTonposog
Gas condensate pipeline

YcTaHoBKa KOMMIEKCHOMN
’ MOAroTOBKW rasa
Gas preparation unit

e 2,900mM

#*==" 10 1200 M - 5 ra3oBble CKBaXKVHblI
upto 1,200m 5 gas wells

- po2900m-35 raaoKOH,qucaTHble'CKBa>KV|Hb|
- Upto 2,900 m 35 gas condensate wells

‘ XKunble 06bEKTHI
Housing facilities
t YcTbe ra3okoHOeHcaTHOM
1 ra3oBOWN CKBaXXWNH

Gas and gas condensate wells

PucyHok 1. YcnoBHasa cxema paspaboTkn Fopxaposckoro HI'KM

Figure 1. Conventional Development Plan of Yurkhar OGCF

YKUOKMX yrneBogopoaoB. OCHOBHas 4acTb 3anacoB rasa
npuxoamTcsa Ha BanaHXnHCKMM ropuaoHT. [poayKT1BHbIE
3a1eXXN KOMMaKTHO PacrofIoXeHb! Ha CPaBHUTEBHO
HebobLLOM naow@aan (MpUMepHoO 260 KM?), 4TO
MOBbILLAET 3PEKTUBHOCTL NX Pa3paboTKM 11 OCBOEHNS C
TOYKN 3PEHNS KanuTaulbHbIX 1 ONEPaLIMOHHBIX Pacxoa0B
(cMm. PucyHok 1). Pacnonaraetcst MECTOPOXXOEHME
npubnmanTenbHO B 300 KM K CceBepy OT ropoaa

HoBbih YpeHron n B 50 KM K BOCTOKY OT AMOYPIrckoro
MECTOPOXOEHNS.

Mogenb pa3paboTkm MECTOPOXKOEHNSA NPEQyCMaTPNBAET
OypeHVEe ropU30OHTaNbHBIX CKBaXKWH BOMBLLONO AvamMeTpa
1 MHOr03ab0MHbIX FOPU30OHTaTbHBIX CKBEXKVH, YTO
NMO3BOJSIAET CHN3NTb OOLLIEE KOIMHYECTBO CKBAXKMH,
HeoOXOAVMbIX 0159 BOBNEYEeHUs B pa3paboTky Bcex
3arnacoB MECTOPOXAEHUS, U MUHUMN3MPOBATb
KanuTaslbHbIE BIOXEHVSI.

MecTopoXkaeHne NMeET OAHY 3a1eXXb NPUPOOHOMO

raza, 24 ra3okoHOeHCaTHbIX 3a1eXu 1 3
HehTerazokoHOeHcaTHble 3asiexu. [ybrHa 3aneraHns
yrneeoaopoaoBs Bapsbupyetcs ot 1000 oo 4400 meTpos (C
y4étoM HOPCKMX OTNOXKEHWI), MpK 9TOM BanaHX1HcKme
3aNEXKN XapaKTepU-3yOTCS HANIMHYMEM MPOHNLAEMOrO
NecYaHmKa, SBASETCH OCHOBHOM 061aCTHio

006b14M. FOpXxapoBCKoe HedTEra3oKOHOEHCATHOE
mMecTopoxaeHne (HIKM) aBnseTca BTOpbIM MO 06 bEMY

16 | ROGTEC

reduction of the total number of wells required to develop
all the reserves of the field and the minimization of capital
investments.

There is one natural gas deposit, 24 gas condensate
deposits and 3 oil condensate deposits in the field. The
hydrocarbon depth ranges from 1,000 to 4,400m (incl.
Jurassic sediments), while the Valanginian deposits are
characterized by the presence of permeable sandstone,
which is the main production zone. The Yurkhar oil-
and-gas condensate field (OGCF) is the scond largest

in production output is the second largest field after the
Yamburg field and of all the fields operated above the
Arctic Circle. YOGCF provides approximately 10% of

the gas consumed in the Russian domestic market. The
production output at full capacity is 37 bin m® of natural
gas per year. The Yurkhar field is characterized by the use
of cutting edge technologies, which reduces the potential
environmental impact on the vulnerable environment of the
Far North. For instance, amongst others, a drilling waste
thermal treatment unit was put into operation in 2008,
which eliminates the release of drilling waste into the
environment.

History of YOGCF Well Construction

The development drilling in the Yurkhar field started in May
2002. The commercial extraction of natural gas and gas
condensate commenced in January, 2003.

www.rogtecmagazine.com




MvipoBow nnoep B
MNPOU3BOACTBE COBPEMEHHbBIX
Mas1orabapuTHbIX
MMPOCKOMNYECKIX
HaBUIALIMOHHbBIX CUCTEM OJ15
HedTerasoBoOro cexkTopa

SPT

Stockholm Precision Tools

BbICOKOTOYHbIE V1 HAOEXKHbIE
MPOVHKIMHOMETPbI, PaboTaroLLIE

B PEXXMME HEMPEPLIBHOM CHEMK,
0718 BCex npodunnien HedrerasosbIx
CKB&XUH, B T.4. CNOXKHbIX, YCTOMHMB
K BO3OEUCTBUIO arpeCCrBHO BbICOKMX
TemMneparyp.

. GyroTracer Di
surface Unit

e W LR

owerq -

Stockholm Precision Tools Ha npoTsxeHun 20

JIET SBNSETCA MYPOBBIM NIMAEPOM U HAAEXKHBIM
MOCTaBLLUMKOM COBPEMEHHBIX MMPOCKOMUYECKNX
CUCTEM A8 HE(DTEra3oBOro 1 FOPHOPYAHOMO CEKTOPA.
[MpocKonnyeckne MHKNMHOMETPbI SPT obecnevnsatoT
BbICOKYIO TOYHOCTb 1 JOCTOBEPHOCTb M3MEPEHNN,

npv 3TOM MPUBOPLI HEBOCMPUMMYMBBI K MarHUTHbIM
NMOMEXaM B CTBOJIE CKBaXKMHbI, 0BecnevmsatoT
ONTVMaJIbHBIE SKCMIyaTaLMOHHbIE XapPaKTEPUCTUKM 1

@ BbICOKOCKOPOCTHOWM HEMPEPbIBHbIN MMPOCKOMUYECKIIA
VHKITIMHOMETP C BHYTPEHHEN MPYBAZKON K reorpaHecKom
CUCTEME KOOPAMHAT, K «UCTHHOMY CeBepy»: BbICOKast
TOYHOCTb M3MEPEHU B CKBaXKMHAX JFOB0r0 Mpodunisax (o1
BEPTUKANbHBIX 40 FOPV30HTasbHbIX)

® MMpeBocxogHast YCTOMYMBOCTb K MEXaHNYECKIAM
BO3OEVCTBIAM, BbICOKAs HaAEXXHOCTb, HE MOABEPXKEH
BIWISTHVKO BHELUHVX MarHTHbIX MOAen

@ BblpatoLascs TO4HOCTb 1 CKOPOCTb CheMKM cpeau
raMMbl TMPOVHKIMHOMETPOB, MPEeACTaBNEHHbIX Ha PbIHKE,
CKOPOCTb 3anvcy 4o 150 M/MuH

@ TMpocToTa B 1Cnonb3oBaHM, ONTMasibHbIe
MaccorabapuTHbIE XapaKTEPUCTVKM, KOMMaKTHOCTb 1
MOOUIBHOCTb

rectional

PEX1MbI MPOBEAEHNS U3MEPEHUI. [TpMBOPbLI KOMAAHMM
SPT nomoratoT Halmm napTHepamM CHU3UTb BPEMS
npoBeaervs MVIC, noBbilwaioT 060pavnBaeMocTb
reoU3NYECKNX MAPTUN, CHKAOT BPEMEHHbIE 1
hrHaHCcoBbIE N3OepPXXKN. brarogapsa npubopam SPT
HaLUW KIWEHTbI MOTyT BbiTb a6COMOTHO YBEPEHDI

B TOM, YTO OHW MOJIy4YatoT Hanbosiee TOUHbIE U
OOCTOBEPHbIE N3MEPEHVIS], KOTOPbLIE TOJIbKO MOIyT
obecneunTb NPUBOPbLI STOro TUMA.

www.stockholmprecisiontools.com
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006b14M nocne AMBYpPrckoro U3 BCex, SKCnyaTupyemMblx
3a lNonapHbiM kpyrom. KOHITKM obecneunBaeT nopsiaka
10% noTpebneHns rasa Ha BHyTPEHHEM PbiHKe. O6bEM
000bI4M MNPV NOSIHOM MPOEKTHOW MOLLIHOCTW - 37 MApa, M3
NPVPOOHOro rasa B rof. KOpxapoBckoe MECTOPOXKAEHNE
XapaKTepuayeTcs MPUMEHEHNEM CaMbIX NEPenoBbIX
TEXHOOMNIA, YTO NMO3BOSISIET CHU3UTh SKOOMMHYECKYHO
Harpyaky Ha paHnmyto cpeny KpanHero Cesepa. B Tom
yncne, K npumepy, B 2008 rogy Ha MeCTOPOXXAEHNN
BBE[ieHa B 3KCM/lyaTaumo YCTaHOBKa TEPMNYECKOrO
obe3BpexumBaHna BypoBbIX LLIAMOB, YTO NO3BOSSET
NCKITOUUTb NOMafaHme B OKPY>KaOLLYHO Cpedy OTXOO0B
Bypenus.

Uctopusa cTtponTenbcTea ckBaxxuH Ha FOHITKM
SkcnnyaTaumoHHoe BypeHre Ha KOpXapOBCKOM
MEeCTOpPOXaeHUM Havaock B Mae 2002 r. Kommepdeckas
006bl4a MPUPOOHOrO rasa 1 ra3oBOro KoHAgHcaTa
Hayanace B aHBape 2003 r.

CTponTensCTBO 3KCM/TyaTaLUOHHBIX CKBEXKMH
COMPOBOXOAI0CH 3HAYUTENBHBIMU TPYOHOCTAMM,
BbI3BaHHBLIMU CIIOXKHBIM FE€0/TIOMMHECKUM Pa3pE3OM
(HaAYMEe MHOrONETHEMEPSbIX MOPOA, HECTADUIBbHBLIX
FIMH, NJ1ACTOB C Pa3NnyHbIM (DIIOMOOHACHILLEHNEM),
TPYAHOAOCTYMHOCTHIO KOMNEKTOPOB (BypeHue ¢ bepera
nop, akBaTtoputo Ta3oBCKOM ryBbl), KIMMaTUHECKAMMN
YCIOBUSIMU 1 OCOBEHHOCTAMM JIOMUCTUKM.

B nepvog ¢ 2007 no 2011 r 6bin1a npoBegeHa
3Ha4MTENbHAg paboTa No ONTUMK3aLMK NiaHa
OCBOEHMS MECTOPOXAEHWS MyTEM BYPEHNS CKBaXKMH
O0MbLLIOro AMaMeTPa, OBYX3a00MHbIX CKBaKMH,
CKBaXKWH C 60/1bLLIMM FrOPU30HTasIbHBIM OTXOA0M
CTBOJIA OT YCTbS, YTO NO3BONSET OYPUTb MEHbLLIEE
KO/IMYECTBO CKBaXKVH, HEOBXOOMMbIX /19 pa3paboTKi
MecTopoOXaeHus. JaHHasa nporpamma nossoavia
CHN3UTb OBOLLIME N3OEPXKKN 1 MOTEHUMABHbIE
9KONIOTMHECKNE PUCKN. HOBbIE CKBaXKMHBI, B CPEOHEM,
NMEIOT ONaMeTP 3KCMIyaTaLUOHHOW KOOHHbI 0 245
MM, FOPU3OHTasTbHYKO HYacTb cTBO1a 60s1ee 1 000 M m
CTapTOBbI AeOUT 00 4,5 MNH M® B CYTKN.

C uenblo BoBeYeHVs B pa3paboTky 3anacos
BOCTOYHOWM YaCTV MECTOPOXXOEHWS 1 PABHOMEPHOW
BblpaboTku nnactoB B 2014 rogy Npoao/»KUIOCh
OypEHNE FOPUSOHTANBHBIX CKBaXKMH C 601bLLIMMM
oTXoOamm OT yCTbs. B akcnnyaTaumo 6bii1 BBEAEHDI
TPY HOBbIE ra30KOHOEHCATHbIE CKB2XKWHbBI 1 MPOBEAeHa
PEKOHCTPYKUMS OBYX paHee NMpobypPeHHbIX CKBaXKMH.
Ha TekyLmin MoMeHT npobypeHo 6onee 70
ra30KOHOEHCATHBIX CKBaXKMH, OHaKO ycrnex
cTpounTenbcTBa CKBaKMH NeNe 1-A) 2-A n 3-A
3aC/y>KmMBaeT 0COBOro BHMMaHWS.

Mouemy ckBa>knHbl ERD?
[e0sI0rM4eckoe CTPOEHE MECTOROXAEHVS Onpeaensio
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The construction of the wells was complicated by the
considerable difficulties posed by a complex geological
cross-section, the presence of permafrost rocks, unstable
clay, and various fluid saturated beds, hard-to-reach
reservoirs due to drilling from onshore under the bed of
the Taz Estuary water area, climatic conditions and logistic
issues.

From 2007 to 2011, significant work was conducted, in
order to optimize the field development plan, by drilling
large-diameter, bilateral and ERD wells, which result in
drilling fewer overall wells for field’s development. This
program succeeded in reducing the overall costs and
potential environmental risks. On average, in these new
wells, the production string diameter is up to 245mm in
diameter, the horizontal section is more than 1,000m long
and the initial flow rate is up to 4.5 min m? per day.

In order to develop the reserves in the eastern part of field
and to provide an even recovery from the field, the drilling
of horizontal ERD wells continued in 2014. Three new gas-
condensate wells were put on production and workover
was conducted on two previously drilled wells.

Currently, more than 70 gas-condensate wells have
already been drilled, but the success of the well
construction for No’s. 1-A, 2-A and 3-A deserve special
attention.

Why ERD Wells?

The geological structure of the field determines the
development strategy. As the main reserves are located

in the shelf area of the Taz Estuary, the well pads are
placed along the coastline and wells reach out under the
water (see Figure 2). After the relatively simple wells were
drilled (their length however, reached up to 5000m), it was
the turn for the ERD wells. The economic and technical
analysis has shown that ERD well construction is the most
economical and environmentally efficient solution that
allows access to the remote reservoirs pay zones of the
Yurkhar field.

Economic efficiency results in the optimization of

the investment into the infrastructure with the aim of
increasing the fields profits, which is necessary for the
development of the field.

The ERD wells (global classification — ERD wells:
Extended Reach Drilling) are wells with an extended-reach
and a deviated to vertical ratio of more than 2:1. The
characteristic features of the construction of these types
of wells are as follows:

e high mechanical loads — increased axial loads and often
excessive torque occurs as a result of the high friction
ratios given by the excessive length of the inclined
section of the wellbore;
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N cUCTEMY pa3paboTKM — Tak Kak
OCHOBHbIE 3arnacbl MECTOPOXASHS
HaxoOdaTcs B Wenbde TasoBCKOW
rybbl, KYyCTOBbIE MI0OLLAAKM
pacnonaratoTcs BAO/b BeperoBom
JIHAW, & CKBaXXMHbI YXOOAT Oa/IEKO
nop, akBaTtoputo (CM. PrcyHok 2).
[Nocne Toro kak Bblr NPobypPeHb!
OTHOCWUTENBHO MPOCTbIE CKBaXKMHbI
(Tem He MeHee, 1Xx rnybuHa
pocTturana go 5000 m) nogoLuen
Yepe[ CTPOUTENbCTBA CKBAXKMH C
OONbLUMM OTXOO0M OT BEPTUKASIN.
OKOHOMUKO-TEXHUYECKMI aHanm3
nokasast, YTO CTPOUTENBCTBO
CKB&XXWH C 60bLIMM OTXOAO0M OT
BEPTUKa/IM ABNSIETCA Hanboee
SKOHOMUYECKM 1 DKOJIOTNHECKMN

3 DEKTVBHBIM PELLEHMEM,
NO3BONAOLLMM MOJTYYUTb OOCTYM

K YOaneHHbIM KOJ1/1eKTopam
HOpPXapOBCKOrO MECTOPOXAEHMS.

PucyHok 2. Cxema pasbypvisanus tOpxaposckoro HI'KM ckBakmHamm ¢ BOB
Figure 2. Yurkhar OGCF Development Plan by ERD wells

[lon, 3KOHOMUYECKOW

3(PDHEKTMBHOCTBIO NOAPA3YMEBAETCS ONTUMN3ALIMA
WHBECTULIM B Pa3BUTHE MHPPACTRYKTYPbI, HEOBXOOMMOM
0719 pa3paboTKM MECTOPOXKOEHUS, C LESBIO YBENYE-HAS
npUbLIN.

CkeaxxuHbl ¢ BOB (B MupoBon knaccudvkaumm — ERD

wells: Extended Reach Drilling) — ckBaxKHbI ¢ 60bLLINM

OTXOOOM OT BEPTUKAN, UMEKOLLIME COOTHOLLIEHME OTXOOa

K BepTukanu 6osee 2:1. XapakTepHbIMN OCOBEHHOCTAMM

Npw CTPOUTENBCTBE TAKOrO TUMAa CKBAXKMH ABNSOTCS:

® BbICOK/E MEXAHNHECKMNE HArPY3KM — MOBbILLIEHHbIE
OCEBble Harpy3KM 1 3a4acTyro U3ObITOUHbBIN KRYTALLAIA
MOMEHT 13-3a BbICOKUX 3Ha4YEHUI KO3 DULIMEeHTa
TpeHWs BCeacTare 60NbLLION MPOTHKEHHOCTN
CUNTbHOHAK/TOHEHHOW YaCTW CTBOJTA CKBaXKWHbI;

® BbLICOKME MMOPAaBINYECKME HArPy3KN — 3aTpybHOe
nasneHne (OUIM) kpaTHO BbILLIE MO CPABHEHUIO AaXE C
FOPV3OHTA/TbHBIMY CKB2XXMHAMW MEHBLLIErO CMELLIEHVS
32004 OT BEPTUKAIIM, HE TOBOPS Y>Ke O BEPTUKASbHbIX
CKBaXXMHaX (Oaxxe rnyboKnx);

® 3aTPYOHEHHASA OYMCTKA CTBOJSIA CKBEXKUHBI OT
BbIOYPEHHOM NOPOObl, OCOOEHHO MPU KOHCTRYKLMA
CKBaXXWH C BbICOKMM 3HadeHnem PHAR (pipe-hole
area ratio) — 4yem Bblile PHAR, TeM croxxHee o4ncTka
OT LWama;

® C/IOXKHOCTU C JOXOXOEHNEM OBCaAHbIX KOJIOHH U
XBOCTOBMKOB — BbICOKMNE KOSMDMPULINMEHTbI TREHNA
N HEOOCTATOYHbI BEC BEPXHEN YaCTW NS CHYDKEHNS
YCUNNS «MPOTaSIKMBAHNS» KOJTOHH;

® NPOo6MEMbI YCTONMYMBOCTY CTEHOK CTBOJ1A CKBAXKMHbI
N Yy3KOE «OKHO BYpPUMOCTU» MO NNOTHOCTY BYPOBOrO
pacTteopa (mud weight window);
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¢ high hydraulic loads — annulus pressure (ECD) is far
higher, even when compared to horizontal wells with
lower kickoff, more so - to vertical wells (even deep ones);

e hindered wellbore cleaning for drill cuttings, especially in
case of the high PHAR (pipe-hole area ratio) well design
— the higher the PHAR, the harder it is to clean the well
and remove cuttings;

e difficulties with reaching the casing strings and liners —
high friction ratios and underweight top-hole assemblies
that are insufficient for reducing the column’s
«pushing» efforts;

e problems with the stability of the wellbore and a narrow
mud weight window;

¢ problems with the load delivery during the drilling and
completions, such as creating the necessary load when
hanging the liners;

¢ in addition, the large distance between targets resulted
in additional geological uncertainties as regards to the
structures, which are not homogeneous by stratification
and bedding course.

ERD well is not just a more complicated directionally-
controlled well. The following serves as a basis for

the successful construction of such wells: the use of
advanced technologies, professionalism of the staff,
proper arrangement of processes and established
communication between the various stakeholders. That’s
why the preparations for these record wells started long
before the spudding of wells. At the request of NOVATEK-
YURKHAROVNEFTEGAZ LLC, the design of wells No
1-A and 2-A was carried out by the design contractor
‘BUROVAYA TEKHNIKA' NPO JSC [3] with the obligatory
involvement of Investgeoservice CJSC as a General
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® NpobremMbl C AOBEAEHNEM HArpy3Ku Npu BypenHun, a
TaKXXe NpU 3aKIIoUMTENbHBIX Onepauyvisix, HanpUMep
CO30aHne HEOOXOOAMMOWN Harpy3KM Npu NOABECKE
XBOCTOBWKOB;

® KPOMe 3TOro, 13-3a BOMbLLION YAAIEHHOCTU Lienemn
BO3HVKAIOT JOMOSIHATE bHbIE Fe0/I0rM4ecKmne
HeonpeaenéHHOCTY B CTPYKTYPax, HeOAHOPOAHbLIX Mo
HanIacToBaHWIO 1 MPOCTUPAHWIO.

CkBaxunHa ¢ BOB — 310 He NpoCcTo 6osiee CnoXxHas
HaKJ/TOHHO-HaNpaB/ieHHas CkBaKHa. OCHOBOW

015 ycrexa npu CTPOUTENbCTBE TakMX CKBaDKMH
ABMIFETCS: MCNONB30BAHME MepenoBbiX TEXHOIOMNA,
NpodeCCMOHaN3M COTPYAHUKOB, MpaBusibHas
OpraHM3aLs NPOLIECCOB U HaTaXKeHHash KOMMYHVKaLVIS
MeXay PasINYHbIMM CTOPOHAMM - Y4aCTHUKaMM NPOeKTa.
VIMEHHO MOSTOMY MOArOTOBKA K PEKOPAHBIM CKBEXKMHAM
Havanacb 3a00/ro Ao Havana 6yperus. MNpoekTpoBaHne
ckBaXKMH NeNe 1-A 1 2-A no 3akazy OO0 «HOBATOK-
FOPXAPOBHE®TEIA3» ocyLLecTBAsMa NPOEKTHas
opraHnzaumsa OAO «HIMO «byposas TexHrka» - BHAMBT»
[3] c obsaAzaTensHbIM NpuBeYeHnem KomnaHum 3A0
«/IHBeCTreocepBUC» Kak I'eHepasibHOro noapsa4ka

MO CTPOUTENBCTBY CKBaXKWH, 1 C nMpuBnedeHnemM “K&M
Technology Group” [4] nogpa3aenerst KoMnaHum
“Schlumberger” [5],cneumannanpytoLLerocs Ha

BypeHnn ckeaxknH ¢ BOB. Ha atane npoexkTnposaHvis
YUYUTBIBANIMCh Y aHANM3MPOBASIICH Pa3/INYHbIE KPUTEPUN
1 HaKTopPbl — MPOEKTHbIE KOHCTPYKLUMS U TPAEKTOPNS
CKBaXXVHbI (B TOM 4nCe NepBas cekums Habopa
napamMeTPOB KPVIBM3HbI 1 PA3BOPOT TPAEKTOpUN),
npaBWIbHbIN NOAO0P BYPUSIBHONO MHCTPYMEHTA,
OypOBOro Ha3eMHOro 06opPyAOBaHUS, CTabUIbHOCTb
CTEHOK CTBOJ1a CKBaXKMHbI, peLleHVe Npobsiem C
OYMCTKOW CTBOMA CKBaXKWMHbI - BLIHOCOM GYpOBOIro
LLSIaMa Ha NOBEPXHOCTb, MOHUTOPVHI NapaMeTpoB
BYypPEHVS 1 SKBMBASIEHTHOW LIMPKYNSALUMOHHOW MAOTHOCTU
OypOBOro pacTeopa B PEXMME PeasibHOrO BPEMEHM, a
TaK>Xe TEXHOIOMM CrycKa N LIEMEHTMPOBaHNS 06CaaHbIX
KOJIOHH (B OCOBEHHOCTW SKCMJTyaTaUMOHHOM KOMOHHbI

1N LEMEHTUPYEMOW MOTanHOM Ha 60s1bLLNE TYyOUHbI) U
KpernieHne (unbTP-XBOCTOBUKOB. [poeKTUpOBaHmE
ckBaXKMHbI N2 3-A no 3akazy OO0 «HOBATOK-
FOPXAPOBHE®TEIA3» ocyLLeCTBASMa NPOEKTHAs
opraHnzauma OO0 «<HOBATOK HTU». [Jo Havana
OypeHust CKBaxKWH, komnanmnen 3AO «/IHBecTreocepBmc»
ObIIN YYTEHBI U3MEHEHWS FTEONOMMHECKMX AAHHbIX U
CBOEBPEMEHHO BHECEHbBI KOPPEKTVPOBKM B MPOEKT.

Mpu 3TOM 0C060€ BHMMaHME BbINO YOENEHO OLEHKE
OnepaLoHHbIX PUCKOB 1 MOArOTOBKE MfiaHa OencTBIA Ha
cnyyan YpesBblHanHbIX CUTYaLRA.

Hapsagy ¢ opyrumMn KpuTepusiMm MpOeKTUPOBaHNS
CKBaXXWHbI, BbINIO 04EBNOHO, YTO BypoBas yCTaHOBKa
[0o/MKHa BbITb CNOCOBHA BbINONHATL BCE ONepaumm,
CBsI3aHHble ¢ BypeHmem, CIMO, kKpenneHem v
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Contractor for the well construction, and with involverment
of the K&M Technology Group [4], a Schlumberger Co.
[5] unit specialized in the driling of ERD wells. Various
criteria and factors have been taken into account and
analyzed during the designing stage — project design and
the well path (including the first section of drift deviation
and the path turn), proper selection of drilling tools and
equipment, stability of the wellbore, solving the wellbore
cleanout issues — lifting the cuttings to the surface, real-
time monitoring of the drilling parameters and equivalent
circulating density of the drilling mud, as well as casing
running and cementing technology (particularly the
production casing and the deep-set tie-back casing), and
mounting the filter-liners. The designing of well No. 3-A
commissioned by NOVATEK-YURKHAROVNEFTEGAZ
LLC was carried out by the design contractor

NOVATEK SEC LLC. Prior to the spudding of wells, the
Investgeoservice CJSC took account of the geological
data changes and made timely adjustments to the project.
There, special attention was paid to the operational risk
assessment and preparation of an emergency action plan.

It was obvious that along with all other well design criteria,
the drilling rig should be able to perform all the operations
associated with drilling, tripping, casing and completion
of the wells. For the construction of these record wells,
the Investgeoservice CJSC used modified drilling rigs

for the Yurkhar field, which enabled them to perform the
scheduled operations, with enough necessary reserve
capacity remaining.

About the Record Wells
e Purpose

The drilling of the production wells No 1-A, 2-A and 3-A
with the horizontal section in the BU8 pay zone was
necessary for the extraction of hydrocarbons from the
BU8-0 - BU8-2 beds of the Tangal formation.

e \Well profile and design
The wellbore of well No 1-A is presented below (see Figure 3).

The drift deviation is designed in a way to ensure minimal
tortuosity and a «smooth» wellbore, the parameters that
play an important role for the final well construction and
the possibility of runing in with the drill pipe and setting
casing strings and downhole production equipment to
design depths.

The results achieved are record-breaking not only for the
region but across the whole of mainland Russia, and they
speak for themselves:

The 393.7 mm (15 ¥2») section was successfully drilled
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3aKaH4MBaHMEM CKBaKMHbI. [Nns cTponTenscTBa
pekopaHbix ckBaxknH 3AO «/IHBECTreocepBUc»
NCronb3yeT Ha KOpXapOBCKOM MECTOPOXAEHNN
YCOBEPLLUEHCTBOBaHHbIE BYPOBblE YCTAHOBKM,
XapPaKTEPUCTUKM KOTOPbIX, MO3BOMISOT NPOU3BOANTL
3anaHMPOBaHHbIE onepauUun ¢ HEOOXOOMMbIM 3arnacom
MPOYHOCTN.

O peKopOHbIX CKBa>KMHaxX
* HazHa4yeHne
BypeHne akcnyaTauyoHHbIX CKBabKMH NeNe

1-A,2-A 1 3-A C ropm30oHTasIbHbIM OKOHYaHMEM Ha
NPOayKTUBHbIE NNacTbl BY

to a measured depth of 1,610 meters. The zenith
angle in this section was 73.8° in a vertical depth of
1,403.8 meters. The wellbore casing, using 340mm
(9 %») intermediate production string with premium
connectionswas successfully set at 5,626 meters.

The 311.15mm (12 ¥») section was successfully drilled to
a measured depth of 5,632 meters along the wellbore, the
zenith angle in this section was 74.2° and the horizontal
displacement in this section totaled 4,359 meters at a
vertical depth of 2,494 meters. The wellbore casing, was
set using 245mm (9 %>») intermediate production string
with premium threaded joints, which was successfully set
at a depth of 5,626 meters.
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PucyHok 3. [poekTHas TpaekTopusa CKBaxKMHbI Ne1-A
Figure 3. Well 1-A Projected Wellbore

MaTePUKOBOM YacTn Poccunckom

depepaumn 1 roBOPST camm 3a ceds:

Cekums 393.7 MM (15 12”) Bbina ycnewHo npobypeHa
00 rnybuHbl 1610 METPOB MO CTBONY, 3EHUTHbBIV Yron
B CeKumm cocTaBun 73.8° Npu BEPTUKANIbHOW rybuHe
1403.8 meTpa. Kpennenne cteona ckBaXkuHbl 340 MM
(9 38”) MPOMEXKYTOUYHO-3KCMTyaTaLMOHHOW KOJIOHHOM
YCMELIHO OCY-LLUECTBAEHO Ha rnybuHe 1604 meTpa no
CTBOJY.

Cekuys 311.15 mm (12 14”) Bbiia ycnewHo npobypeHa
00 rnybuHbl 5632 METPOB MO CTBONY,, 3EHNTHBIN Yros B
CekUuMn coctaBmn 74.2°, oTxon OT BEPTUKaIM B AAHHOM
cekumm coctaBmn 4359 MeETPOB MpY BEPTUKATBHOMN
rnybuHe 2494 metpa. KpenneHue cTBoa CKBaXKWHbI 245
MM MPOMEXXYTOHYHO-3KCMJTyaTaUMOHHOW KOTOHHOW (9 %8”)
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The 215.9mm (8 V2») section was successfully drilled to a
depth of 6,999 meters along the wellbore, the zenith angle
in this section was 76.8° and the horizontal displacement
in this section totaled 5,678 meters at a vertical depth

of 2,818 meters. The wellbore casing, was set using
177.8mm (7») deep-set tie-back string with premium
threaded joints, which was successfully set at a depth of
6,997 meters.

The 155.6mm (6 6») section was successfully drilled to

a measured depth of 8,497 meters and the horizontal
displacement in this section totaled 7,059 meters at a
vertical depth of 2,906 meters. 127mm (5») liner-filter was
successfully set at a measured depth of 8,495 meters.
The path of well No 2-A is designed similar to well No
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C NpeMmasibHbIMU PE3LOOBLIMY COEAMHEHUSMIM YCMELLHO
OCYLLIECTBNEHO Ha rNybunHe 5626 MeTPOB.

Cekups 215.9 mm (8 12”) ycneluHo npobypeHa oo
rnyburHbI 6999 METPOB MO CTBOJTY, 3EHUTHBIN Yron B
CeKUMM cocTaBua 76.8°, OTXOM OT BEPTUKaIM B AaHHOM
Ccekumm cocTtaBun 5678 MeTPOB NpY BEPTVKa/IbHON
rnyouHe 2818 meTpoB. KpenneHre CTBoIa CKBaXKWHbI
177.8 MM (77) mOTaMHOM LIEMEHTUPYEMOWM KOJTOHHOW C
npemMuasbHbIMK PE3bO0BLIMU COEANHEHNSMM YCTMELLIHO
OCYLLECTBNEHO Ha rybuHe 6997 METPOB.

Cekups 155.6 mm (6 18”) Bbl1a ycnewHo
npobypeHa oo raybuHbl 8497 MeTpoB
Mo CTBOJ1Y, OTXO[, CTBOJIA CKBaXKMHbI OT
BEPTMKa/IM B IAHHOW CEKLIM COCTaBWI
7059 MeTPOB MpY BEPTVKASIbHOM
rnybuHe 2906 MeTpoB. KpenneHue

e e

- — [

CTBOJA CKBaXKMHbI 127 MM (5”) hnnbTp- f_mimwn
XBOCTOBMKOM YCMELLHO OCYLLECTBIEHO i

Ha rybuHe 8495 mMeTpoB. e

TpaekTopust CKBaXKMHbI N2 2-A
CNPOEKTNPOBAHA NOAOOHO CKBaXKMHE
Ne 1-A, HO C MEHbLUMM OTXOA0M OT
BEPTMKaIM, MOSTOMY B OaHHOW CTaTbe
Mbl PACCMOTPVM Ha NpUMEPE CamblX
60bLUMX NoKa3aTesnen.

LD i Godie = 1 D0

[NnaHoBasi TPaeKTOPUSt MHOr03ab0MHOM
CKBaXKMHbI N2 3-AnpefcTaBneHa Hke
(cM. PrcyHok 4). BepxHue cexkumm Bblam
3anpoeKTMPOBaHbI MO aHaIoruy co
ckBakmHamMy NeNe 1-A n 2-A, HO Npu
3TOM ObINO 3an/1aHMPOBaHO BypeHre
OBYX CTBOJIOB C 3a60amum 7399 u

7416 M N0 CTBOJ1y COOTBETCTBEHHO C
YCTaHOBKOW KITMHA-OTKIIOHUTENS Ha

1-A, but with less horizontal reach, thus we are describing
in this article only the well with the longest horizontal
displacement.

The projected path of multilateral well No 3-A is presented
below (see Figure 4). The upper sections were designed
similar to wells No 1-A and 2-A, but at the same time

it was planned to drill two lateral wells with 7,399 and
7,416m TD’s respectively, including the installation of a
whipstock plug at a depth of 6,100m along the well with a
zenith angle of 77.5 degrees.

G
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PucyHok 4. IpoekTHas TpaekTopus CKBaxKHbI N2 3-A
Figure 4. Well 3-A Projected Wellbore

rayéuHe 6100 M MO CTBOJTY C 3EHUTHbIM
Yr7IOM 77.5 rpaflyCcoB.

Cekups 311.15 mm (12 %4”) Bbina ycnelHo npobypeHa
00 rny6uHsl 5049 MeTPOB MO CTBOJY, 3EHNTHBIV YO/ B
cekunn coctaeun 71.1°, 0Txon OT BEPTUKAIM B AAHHOMN
CeKkumm cocTaBun 3825 METPOB MpY BEPTVKASTbHOWN
rnybuHe 2471 MeTp.

Cekups 215.9 mm (8 12”) ycneluHo npobypeHa oo
rnybunHbl 6119 METPOB MO CTBOJTY, 3EHUTHBIN Yron B
CeKUMn cocTaBwn 77.6°, 0Txon OT BePTUKaIM B AaHHOMN
cekumm cocTtaBun 4835 METPOB NpY BEPTVK/TbHON
rnyouHe 2807 MeTpoB. [pn 3TOM «r010Ba» NOABECKMN
MOTaMHOW KOMTOHHBI YCTaHOB/EHA Ha rybuHe 4541 M.
Cekups 155.6 mm (6 14”) nepBoro cTBoMa BblNa yCnewHo
npobypeHa o rnybuHbl 7418 METPOB MO CTBOJTY, OTXOA,
CTBOJIA CKBaXKVHbI OT BEPTVK&U/N B [AHHOW CEKLN
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The 311.15mm (12 Ya»)section was successfully drilled
to a depth of 5,049 meters along the wellbore, the
zenith angle in this section was 71.1° and the horizontal
displacement in this section totaled 3,825 meters at a
vertical depth of 2,471 meters.

The 215.9mm (8 V2») section was successfully drilled to
a measured depth of 6,119 meters, the zenith angle in
this section was 77.6° and the horizontal displacement in
this section totaled , meters at a vertical depth of 2,807
meters. There, the «<head” of hanger of the tie-back string
was set at a depth of 4,541m.

The 155.6mm (6 '6») section was successfully drilled to

a measured depth of 7,418 meters and the horizontal
displacement in this section totaled 6,065 meters at a
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cocTaBu 6065 METPOB MpY BEPTUKANTBbHOW FTyOunHE
2904 meTpoB. OTANYUTENBHOM OCOBEHHOCTLIO CKBaXKMHbI
Ne 3-A aBngeTCs Bblpe3ka TEXHOIOMMUYECKOrO «OKHa» B
178MM MOTaHOM KONOHHE B MHTEpBase 6054-6059wm
(rnybuHa no BepTukanm 2794M, 0TX0[, B «OKHE» COCTaBWM
4777m). Takum 0Bpa3om, OCYLLIECTBIIEH MPOMYCK KSnHa-
OTK/IOHUTENS B KOMMJIEKTE C BbIPE3AIOLLEN KOMMOHOBKOW
hpe30B Yepes NOABECKY MOTANHOM KOSTOHHbI U Bblpe3Ka
Ha PEKOPAHOW B MMPOBOM MacLuTabe rinybuHe. Hanee,
cekumst 155.6 mm (6 8”) BTOpOro ctBos1a bbi1a yenewHo
npobypeHa oo raybuHbl 7438 METPOB MO CTBOJ1Y, OTX04
CTBOJIA CKBEXKWHbI OT BEPTUKAIM B JAHHOW CEeKUmmn
cocTaBui 6155 MeTPOB Mpy BEpTUKabHOW riybrHe 2880
METPOB.

Bonee oetanbHO 0 NOArOTOBKE W HEMOCPEACTBEHHOM
BbINOJSIHEHMW PabOoT MO CTPOUTENbCTBY CKBAXKMH
N3N0XKEHO B CRedytoLyX pasaesax craTbi.

MoprotoBka K CTPOUTENLCTBY,

nog6op o6opynoBaHus

HepnocTaTtok onbita 6ypeHus n MHhopMaLmn O 3aiexxax
Ha yaa/ieHHOM OT 6epera paccTosHMN, CO3AaBasIo
BbICOKME PUCKU CTPOUTESNIBCTBA CKBAXKWH.

CnoXXHOCTb MPOEKTa 3aK/todanach B y3KOM «OKHE
BypeHns», BYPEHNN B MHTEPBAIE UCTOLLIEHHBIX MIACTOB U
HECTabUNbHbIX MNH.

B Toxxe Bpemsi, MpUCyTCTBOBaM APYriMe OCOOEHHOCTU 1

CIIOXXHOCTU:

* HecTaHgapTHas, 419 CKBaXKNH C 60IbLIMM OTXOO0M,
KOHCTPYKLMSA C MPUMEHEHNEM JOSI0T Maoro gMamMerpa
155.6MM B rOpU30HTasIbHOW YacTW, YTO CO3aaBaso
[OMNOSHNTENBHBIE TPYAHOCTU B KOHTPO1e DU,

® HepocTaTok onbiTa OyPeHNs CKBaXKUH C BObLLIMM
OTXOOOM B PErvoHe, CO30aBasio PUCKN HEBBINOSTHEHNS
NNaHOBOW TPaeKTopUK;

¢ [loTeHUMaIbHO BbICOKUA YPOBEHb U3BUNCTOCTA
BEPXHEW CEKLIMM, YTO MO0 MPUBECTU K MOBbILLEHHBIM
Harpy3kam Ha MHCTPYMEHT npu 6ypeHun
FOPU3OHTaIBHOW CEKLNN;

® HenocTaTtoyHO CTPYKTYPHOM U re00MYECKOn
MHbopMaLMKM MO 3a/1EraHMIO LIENEBBIX M1ACTOB,
BbICOKas BEPOATHOCTb BYPEHNS BHE ME0SI0MHECKMX LIENEN;

Cneypanunctsl OAO «HOBAT3EK>», A0
«/IHBECTreOCepBMC» 1 KOMMaHUK «Schlumberger»
paspaboTa/iv Kak eOuHCTBEHHOE MPaBUIbHOE PELLEHME
— TECHOE B3aNMOOENCTBINE BCEX YHACTBYHOLIMX B
OypeHnM CTOPOH, HEOOXOAVMbIM BbISI0 MPU3HAHO
NOCTPOEHVE NPEOOYPOBOV FEOMEXAHNYECKON MOOEMN
N MPUMEHEHNE FTEOMEXaHNYECKOIO COMPOBOXAEHNS
BypeHrs B peasibHOM BpeMeHW. Ha npoekTe nog
ynpaeneHnem cneumannctoB 3A0 «/IHBeCTreocepBuc»
OblIV NMPUMEHEHbI KITOYEBbIe TEXHOJIOMM HAKITOHHO-
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vertical depth of 2,904 meters. The distinctive feature
of No. 3-A well is a window cut in the 178mm tie-back
string within the range of 6,054-6,059m measured
depth (vertical depth of 2,794 m, with displacement

at window totaling 4,777m). Thereby, the whipstock
completed with a cutting mill layout was run through
the tie-back string hanger and the window has been
cut at a global record depth. Then, the 155.6mm (6 1&»)
section of the second hole was successfully drilled to
a measured depth of 7,438 meters and the horizontal
displacement in this section totaled 6,155 meters at a
vertical depth of 2,880 meters.

More details on the preparation and performance of well
construction operations are contained in the following
sections of this article.

Preparation for Construction and Equipment
Selection

The lack of drilling experience and information on
remote offshore deposits posed high risks to the wells
construction.

The project’s complexity consisted of a narrow mud
weight window, drilling within the range of a depleted layer
and the unstable clay.

At the same time, there were other specificities and

complexities:

e Unusual design for an extended reach well, involving
the use of small size bits in the horizontal section
diameter, which raised additional difficulties for the
annulus pressure control;

e |ack of ERD well drilling experience in the region
increased the risk of failure, specifically on the
projected path;

e Potentially high tortuosity level in the upper section,
which could lead to increased loads on the drill pipe
when drilling the horizontal section;

e |nsufficient structural and geological information on the
target formations, high probability of drilling out of the
pay zones;

The specialists from NOVATEK JSC, Investgeoservice
CJSC and Schlumberger have developed a close
interaction between all stakeholders involved in drilling,
likened to a silver bullet in solving problems; it was
considered necessary to build a preliminary geo-
technical model and apply real-time geo-mechanical
tracking of drilling operations. Under the leadership

of specialists from Investgeoservice CJSC, key
technologies for directionally-controlled drilling, mud,
drill bits and casing were applied in close collaboration
with the rock mechanics engineers and geo-steering
specialists, as well as the drilling contractor and
operating company. The invested efforts resulted in
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PucyHok 5. bypoBas yctaHoBka bBY-6500/450-04PK-BEM

Figure 5. BU-6500/450-ECRK-BM Diriling Rig

HanpaB/IeHHOrO BypeHs, PacTBOPOB W AOMOT U
TEXHOSIOMNIN KPEMNEHUST CKBaXKWHbI MPY TECHOM
B3aMMOOENCTBUM C NHXXEHEPAMU-FEOMEXAHNKAMN 1
reoHaBUraTopamMu, a Takxe ¢ 6ypoBbIM MOAPSOHNKOM
1 KOMMNaHWen-onepaTopoM. [pUNOXKEHHbIE YCUNS
NO3BONNMN OOCTUYb PEKOPAHbIX Noka3aTtenen B ERD
OypEeHN KOHTUHEHTANBHOM YacTun Poccun.

Ha nepBom aTane 6bina NpoBeaeHa TEXHUHECKas
OLIEHKA BO3MOXXHOCTEN BypOBOWM yCTaHOBKM (BY -
6500), npora3soavBLLEN pasbyprBaHmne KOpxapoBCKOro
MecTopoXxaeHus B nepurog ¢ 2008r. no 2012r. AHanms
nokaaaJl, 4To TpebyeTcs yCuneHe 1 06HOBNEHME
CWI0BbIX MPUBOOOB (YBENMYEHME XapaKTEPUCTUK

Mo KPYTSILLEMY MOMEHTY). B cxkaTble cpokm bbina
Npon3BeaeHa 3aMeHa C1CTEMbI BEPXHErO MP1BOAA.
BypoBble ycTaHoBkM BY-6500/450-34PK-EM (cm.
PrcyHok 5) umetoT rpy3onogbeMHOCTb 450 T 1 3anac
NPOYHOCTU 418 BYPEHUS CKBaXKWH ryouHom 4o 8000 m
(a B 3aBUCUMMOCTM OT KOHCTPYKLM BO3MOXHO BYpPEHME r
bonee rinyboKMX CKBaXKMH).

[N yCcrnewHoro CTponTesIbCTBa PEKOPLHbIX CKBAXKMNH

Takxe noTpeboBaniocb 06HOBAEHWE BYPUNBHOIO
NHCTPYMeHTa [6]. IMOoCKONbKY pacyéTHbIE Harpy3Ku
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the record-breaking performance for ERD drilling in
mainland Russia.

In the first phase, a technical assessment was conducted
regarding the capacities of the drilling rig (BU-6500), which
was used in the development of the Yurkhar field in a
period from 2008 to 2012. The analysis showed that

a reinforced and updated drive system was required,
this would increase the rigs torque. The replacement
of the top drive system was performed in a short
period. The modified BU-6500/450-ECRK-BM drilling
rig (see Figure 5) has a lifting capacity of 450 tons and
a reserve capacity for drilling wells up to 8,000m deep
(depending on the design, drilling of even deeper wells
is also possible).

In addition, renovation to the drilling tools and pipe was
also required for the successful construction of these
record wells [6]. Since the rated torsion loads were close
to and in some cases, exceeding the maximum make-up
torque of standard threaded joints (APl and GOST), as well
as due to a narrow window for drilling mud densities and
formation frac gradients, these well construction projects
initially contained the specification of second-generation
bilateral joints (see Figure 6).
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Ha Kpy4eHune
npnbAMKance, a Ha
HEKOTOPbIX y4acTKax
npeBoCXoann
MakcuUmasibHble
MOMEHTbI CBUHYMBaHNS
CTaHAapTHbIX Pe3LOOBbIX
coegnHeHnin (APl n
FOCT), a Takxe 13-

3a y3KOoro kopugopa
NJOTHOCTEN BYPOBOro
pacTBopa 1 rpagmMeHToB
rMapopaspbiBa,

TO B MPOEKT
CTPOUTENLCTBA 3TUX

CoeguHeHine API
API connection

1 nokonedus | 1 generation
AsyxynopHsE COBAMHEHMA
coaMecTiMble ¢ APl Double

shoulder connections AP

. Mydra/ BOX.
Humnens/PIN -~ - -~ 7
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CKBaXKVH 13Ha4aslbHO
3aK/1a4bIBaNoCh
npUMeHeHne
OBYXYMOPHbIX
COEOUNHEHNN BTOPOro
MOKOJIEHMS (CM.
PucyHok 6).

compatible

BricokoMOMEHTHBI2
Vicxops ns npakTukm
NPUMEHEHNS
TPaaNLMOHHO
NCMNOJIb3YEMbIX Ha
3TOM MECTOPOXOEHM
0BbI4HbIX BYPUIbHBIX
Tpy6 CBT-139,7MM 1

connechons
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coeguHeHra | High torgue
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PrcyHok 6. 3BontoLMSa 3aMKOBbIX COeUHEHNI BYpPUABHON TRYOBbI
Figure 6. Evolution of Drilling Pipe Joints

CBT-127mm, a Takxe
Tpyo C OBYXYMOPHbLIMM
COEAMHEHNSAMM NMEPBOrO MOKOEHNS, BbINIO MPUHATO

BO BHMMaHWE, YTO paHee npu BypeHnn CKBa KW H
rayéuHom 5000-6500M NpycyTCTBOBaN 3HAYNTESbHbIE
rnapaBAMYecKme NoTepu 1 3To TpeboBao aKcnayaTaumm
BypPOBbIX HACOCOB U BYPOBOro 060PYAOBaHNSA Ha
BbICOKMX AaB/EHUSX.

Ha aTane nogrotoBku K ByperHunto Obliia NocTaBeHa
3a0a4a MUHUMN3MPOBATL MapaBNyecKme
COMPOTUBEHUS B OYPUITbHON KOMTOHHE U B 3aTPYOHOM
NPOCTPaHCTBE C OAHOBPEMEHHbIM 06eCneYeHEM
J0CTaTOYHOrO 3arnaca NPoYHOCTU 3aMKOBbIX COeAVHEHNI
Ha Kpy4eHue. bbinm npoaHanmanpoBaHbl HECKO/IbKO
aNbTePHATUBHBIX KOMMOHOBOK W OMbIT MPEeablayLLyX

neT [7], B peaynbTare, Noc/e Cepun CpaBHNUTENbHbBIX
PacHETOB yOanoChk OnpeaennTb OnTUMalbHY
KOMOBMHALIMIO BYPUITBHOM KOJTOHHbI A1 KaXKOOW CEKLMN.

Vicxops ns sTux NPUHLUMNOB, BbI10 NPUHATO peLleHne [8]
nepenT Ha TUNopasmMep BypunbHOW TPyobl 149,23MM

B BEPXHEWN YaCTN KOIOHHbI BMECTO NPeayCMOTPEHHOMO
NPoexKToM Tunopaamepa 139,7mm. Npu aToM

Bbibop CBT-149,23*9,17MM ¢ coeanHeHvem VX-

57 (oByXynopHbIE COEOMHEHNS BTOPOIO MOKONEHWS,
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Based on the previous application of SBT-139mm and
SBT-127mm conventional drill pipe, traditionally used in
this field, as well as pipes with first-generation double-
shouldered joints, previously they were significant fluid
losses during drilling the 5,000-6,500m deep wells and
this required the operation of mud pumps and high
pressure drilling equipment.

During the drilling preparation phase, it was thought
necessary to minimize hydraulic pressure resistance in

the dfrill string and annular space while simultaneously
ensuring that there was sufficient reserve torsion strength
in the joints. Several alternative layouts and previous field
experiences [7] were analyzed and, as a result, the optimal
combination of the drill string required for each of sections
was successfully determined after a series of comparative
calculations.

Based on these principles, it was decided [8] to change
the size of the drill pipe at the top of column from
139.7mm to 149.23mm pipe stipulated by the project.
Meanwhile, the selection of SBT-149.23*9.17mm with
VX-57 joint (second-generation double-shouldered joints,
see Figure 7), in comparison with the SBT-140 (5 72 FH),
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cM. PucyHok 7) no cpasHeHuto ¢ CBT-140 (5 %2 FH)
rapaHTMPOBaUT MOBbILLEHNE MPOYHOCTY Ha KpyYeHVe Ha
8,5 % C 0O4HOBPEMEHHbIM YMEHBLLIEHNEM HAPY>KHOIO
OvamMeTpa 3amka Ha 13MM 1 yBESIMYEHNEM BHYTPEHHETO
NPOXOAHOIro AnameTpa no 3amky ¢ 76,2 go 107,95
(6onee veM Ha 40%).

Onsa Tunopasmepa CBT-127*9,19MM 66110 BbIOpaHO
coequHeHve VX-50, MOCKOSIbKY OHO rapaHTuUpyeT
MPUPOCT MOMEHTa CBUHYMBaHNS Ha 96% Mo CpaBHEHWIO
CO CTaHaapTHbIM coeauHeHrem NC-50, npu aTom
YBENMUMBAET BHYTPEHHUI MPOXOAHON AnameTp Ha 7 %.
s Tpy6bl TMNopasmepa 102*8,38 MM TpeboBanioch
obecneynTb YBeSIMUYEHHbIN BHYTPEHHWI MPOXOOHOM
OMamMeTp 3aMKOBOIO COEAVHEHNS /19 CHDKEHWS
MMOPAaBINYECKOrO CONMPOTUBIEHNS MPY OOHOBPEMEHHOM
MOAAEPXKAaHNN HY>KHOMO 3HAYEHUS MOMEHTa CBUHYMBAHWS.
CoenuHeHne VX-39 no cpaBHeHuo ¢ coegmHeHem NC-
40 pano BOSMOXHOCTb YBENYUTE BHYTPEHHWUIA AVAMETPD
3amka Ha 34% npy OOHOBPEMEHHOM YBENNYEHN
MOMEHTa CBMHYMBaHNUS Ha 10% 1 yMEHbLUEHN
Hapy>KHOro AMameTpa 3aMka
no 127 mm. bonee nogpobHoe

ensured the increase of reserve torsion strength by 8.5%,
with a simultaneous decrease of the external diameter

of the joint by 13mm and increase of the internal drift
diameter of the joint from 76.2 to 107.95 (more than 40%).

PucyHok 7. 3amkun Tvna “Double shoulder” BToporo
MOKOEHVS (BbICOKOMOMEHTHbIE)

Figure 7. Second-Generation Double-Shouldered Premium
Connectors (high-torque)

CpaBHEHWE XapaKTepUCTVK
npvBedeHo B Tabnmue 1.

B Lenax cHmxeHns naHoca
Hapy>XHOM MOBEPXHOCTY 3aMKa
N CTEHOK 06CaHOM KOJIOHHbI
BCeOCTBME O/ IMTENIbHOro
BPALLEHNSI KONTOHHbI B
CKBaYKMHE BypubHas Tpyba
3akasblBasiacb W MocTaBNsAach
C TBEPOOCMIaBHOW Han1aBkom
(hard banding) Ha mydToBOM
4acTu 3aMKa.

HaHecéHHoe Ha BypubHble
TpyObl BHYTPEHHEE

NNacTMKOBOE MOKPbITVE
obecrneunno HebosbLLIOE
CHWXEHME MapaBINYeCKOro
COMPOTUBNEHNUS N, HTO OCOBEHHO
B2XKHO, 3aALLUMTLIIO BHYTPEHHIOK
MOBEPXHOCTb TPYO OT KOPPO3UM B
TO BPEMS, KOrAa OHW HaxoauaCh
BHE CKBaXKMHbI.

Bce koMnniekTbl BypribHbIX
Tpy6 Npon3BOAUINCH B
COOTBETCTBUWM CO CTAHOAPTOM
API 5DP, ¢ gonoaHuTenbHbIMM
TpeboBaHuamn PSL 3,
BKIOYAKOLLIMI NPOBEAEHME
NCMbITaHNIA Ha yaapOMNpPOYHOCTb
npw Temnepatype -20°C (ons
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CBT/SBT149 | CBT/SBT 140
VX57 5 % FH (3-147)

Hapy>xHbIn ouameTp 3amka

o 0,
External Diameter of Joint LGlact elss
PP ATEL A ) €U TS 107.95 (+41.6%) 76.2
Internal Diameter of Joint
MpoyHOCTb Ha KpyyeHue 3amKa, KHm o
Torsion Strength of Joint, kNm 128.0/(+8.5%) 118.0
MomeHT cBnH4YMBaHUA HOBOW Tpy6bl, KHm o
Make-up Torque of New Pipe, kNm Db ) ToE

[ ve | noweiw

Hapy>xHbin gmnameTp 3amka
External Diameter of Joint et ez
ERIEEILL APECETD 2 95.25 (+7%) 88.9
Internal Diameter of Joint
MpoyHOCTb Ha Kpy4yeHue 3amKa, KHm o
Torsion Strength of Joint, kNm IIRHD (50 Eo
MomeHT cBUHUMBaHNA HOBOW TPYGbI, KHM 70.9 (+96%) 36.2

Make-up Torque of New Pipe, kNm

T e oo 109

Hapy>xHbin gmnameTp 3amka

_Q0,
External Diameter of Joint D), kel
ST 2 ELETD ST 68.26 (+34%) 50.8
Internal Diameter of Joint
MpoyHOCTb Ha Kpy4yeHue 3amKa, KHm o
Torsion Strength of Joint, kNm SR, 2
MomeHT cBUHUMBaHUA HOBOW TPYGbI, KHM 32.4 (+10%) 29.5

Make-up Torque of New Pipe, kNm

Tab6.1 . CpaBHeHve coeamHeHun APl n VAM Express (VX) ona KOpxapoBCKoro npoexTa
Table 1. Comparing the APl and VAM Express (VX) Joints for the Yukhar Project
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CpaBHeHWs1, 0bbl4Has Tpyba, 6e3 AOMONHUTENbHBLIX
TpeboBaHWU, UCMLITLIBAETCS Ha YAAPOMPOYHOCTb MpW
KOMHaTHOW TemnepaTtype). Takon BypunbHbIN UHCTPYMEHT
TpyObl HaMbonee NPUCNOCOBEH K PaboTe B YCIOBUSIX
HU3KMX TEMMNEPATYP Ha MECTOPOXKAEHNSX 3a [109pHBIM
Kpyrom.

Takxe HeobX0OMMO OTMETUTb, YTO A5 BEPEXXHOMN
aKcnayaTauun npemMmanbHon BypunsHom Tpyosl ¢
BbICOKOMOMEHTHbIMW OBYXYNOPHbIMU COEONHEHNSMM
noTpeboBanock NepeocbopynoBaTh NOKPLITUE
NOAOCBEYHNKOB DYpPOBOV YCTAHOBKM. HeEobxoammo
YUNTbIBATb, YTO CTAHOAPTHOE MOKPLITME NOACBEYHNKOB
BbIMNOJIHEHO N3 CTasbHbIX JINCTOB C HACEYKOW, MpW
3TOM, BypubHasa cBeya, yCTaHOBIEHHASA HUMMESbHbIM
KOHLIOM Ha Takoe MOKpbITUE, CBOMM BECOM MOXXET
OCTaBNATb OTMETKM Ha MOBEPXHOCTW YNOPHOro Topua
HUNNend. Takasa akcnyaTaums, Yepe3 HEKOTOPOe
BPEMSI MOXET MPUBECTU K MOBPEXAEHMIO HAMMEBHOIO
Topua, 4To NoTpPebyeT ero NepellIMdOBKN NN
pemoHTa. 119 CHKEeHVS BEPOATHOCTY NOBPEXOEHS
HUMMENbHOro TopLA 1 NPOAIEHNS MEXXPEMOHTHbIX
NHTEPBaIOB BypPUSIbHbIX TPYO MOBEPXHOCTL
MOACBEYHNKOB Ha yKa3aHHbIX 6YpOBbIX yCTaHOBKax
Oblna obwmTa OepeBAHHbIMU LMTaMn U3 TBEPLbIX
nopon, Aepesa C OOMNOJIHUTENBHBIMM aMmopTM3aTopamm
13 peaunHbl. ONbIT 3KCMlyaTaumm nokasasl, Y4To Takoe
peuleHre Bbl1o onpaBaaHo, MOCKOSIbKY C MOMEHTa
Hayana skcnyataumm Tpyb 0O CErOgHSWHEro aHs

He Obl/1I0 HX O4HOW OTOPaKOBKM TPYObI MO NPUYUHE
MAOXOr0 COCTOSIHUS BHYTPEHHENO (HUMMENBHOMO)
YyNOPHOro Topua.

Ewé ogHa 3apgada, ycnewHo peléHHas crneumanmctamm
«/IHBECTrEeOCEPBUC» 3aKo4Hanack B HEOOXOOMMOCTU
YCTaHOBKMW BHYTPUKOIOHHOIO hnibTpa npun BypeHumn
KOMMOHOBKaMW, BK/TIOYAIOLLMMW B CBOW COCTaB
BbICOKOTEXHOOMMYHOE 3aborHoe obopyaoBaHue (PYC,
TeNecucTeMbl U NPUBOPLI KAPOTaXKEN B NpoLecce
BypeHus). Kak n3BeCTHO, BHYTPUKOIOHHbBIA PUNBLTP
CTaBUTCH B My TOBYIO HacTb 3amMKka BypusIbHON

TpyObl N PUKCUMPYETCS 3a CHET MOCa04HOrO KOMbLA,
KOTOpOE CaauTCs B 3a30Pp MEXAY HOCUKOM HUMNENs

N NPOTOYKOM MyDThI Ha CTAHOAPTHbIX COEANHEHUSIX
(API/TOCT). B aBYXynOpPHbIX COEOANHEHMSX STOT 3a30p
OTCYTCTBYET, MOCKOJIbKY BMECTO HErO TaM PacrOSIOKEH
BTOPOW YNOPHbIN TopeL,. B kKauecTBe pelleHns SToun
3a4a4n ObIIM N3roTOBNEHBI KOMMIEKTbI 3aLLMTHOIO
nepeBOAHMKA BEPXHErO NMPUBOAA U CMEHHOIO
nocafo4HoOro Kosbua puneTpa, NPUYEM HOCKK
OBYXYNOPHOro coequHeHns Bbli1 YKOPOYeH Ha TONLLMHY
Konbua (cM. PucyHok 8). B ntore ogHOBPEMEHHO
obecneurBanocb HaO&XHOe KpenaeHe punibTpa

B Tpybe 1 COXPaHAINCh HEM3MEHHBIMU BbICOKME
MOMEHTHbIE XapaKTePUCTUKM BEPXHETO COEANHEHUS
BYPUNBHON KOMOHHBI.
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The VX-50 joint was selected for SBT-127*9,19mm size
pipe, as it ensures the increase of make-up torque by 96%
compared to a standard NC-50 joint and increasing the
internal drift diameter by 7%. For a pipe of 102*8.38mm
size, it is necessary to ensure increased internal drift
diameter of the box-and-pin joint in order to reduce the
hydraulic pressure resistance as well as maintaining

the necessary rate of make-up torque. Compared with
the NC-40 joint, the VX-39 joint made it possible to
increase the internal diameter of the joint by 34% with

a simultaneous increase of make-up torque by 10%

and reduction of the external diameter of the joint up to
127mm. More detailed comparison of characteristics are
presented in Table 1.

In order to reduce the wear on the external surface of

the joint and the walls of the casing, which is caused by
prolonged drill string rotation in the well, the drilling string
was ordered and shipped with hard banding at the tool joint.

Lining the drill pipes with an internal plastic coating (IPC)
ensured a slight decrease in hydraulic pressure resistance
and most importantly, protected the internal surface of
pipes from corrosion while they were out of the well.

All the drill pipes were manufactured in accordance with
API 5DP, with additional requirements of PSL 3, including
the impact tests at a temperature of -20 {1>°<1} ¢

(for comparison, the usual pipe, without the additional
requirements, is impact-tested at room temperature).
Such hardy drill pipes are best suited for operations under
the low temperature conditions of the fields above the
Arctic Circle.

It is worth noting that for carefree operation of premium
drill pipe with high-torque double-shouldered joints,
refitting the setbacks of the drilling rig is required. One
should be aware that the standard cover for the setbacks
is made of sheet steel with notches, while the drill pipe in
the stand, set by the nipple on such a cover that it may
leave marks on the surface of the stop face of the drill-
pipe nipple because of its high weight. After some time,
such an operation may lead to the damage of the stop
face, which will require re-facing or repair. To reduce the
probability of damaging the drill-pipe nipple and to extend
the drill-pipe overhaul intervals, the surface of setbacks on
the mentioned driling rigs were covered with boards made of
solid wood with additional shock absorbers made of rubber.
Operational experience has shown that this decision was
justified, because from the start of handling the pipes and up
to now, there was no rejection of pipe due to poor condition
of the internal drill-pipe thread and nipple.

Another challenge, which was successfully resolved by

specialists from Investgeoservice, is a necessity to install
a drill pipe screen while using drilling tools, including
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PucyHok 8. YKOPOYeHHbI NepeBOOHNK BEPXHErO NPUBOAA 1 HOBOE KOJbLIO hunnbTpa

Figure 8. Shortened Top-Drive Adapter and New Filter Pin

high-tech drilling equipment
(RSS, measurement-while-
drilling (MWD) and logging
while drilling (LWD)). As

it is known, the drill pipe
screen should be placed on
coupling of the drill pipe tool
joint and fixed by a landing
ring, which sits in gap
between the nipple spout
and the groove coupling,

LLlaBnoHnpoBaHme 6ypusbHbIX TRYO C BHYTPEHHMM
NOJIMMEPHBIM MOKPBITUEM MPON3BOLUIIOCH CrELMaTTbHbIM
NPOXOAHbLIM HENNMOHOBLIM WAaBOHOM (CM. PrcyHOK 9)

C LIENbO COXPaHEHNSt BHYTPEHHETO MOKPbITAS OT
NOBPEXOEHNN (B CPABHEHUM C UCMOJIb30BAHNEM
MOBCEMECTHO MPUMEHSEMBIX CTasTbHbIX MPOXOOHBIX
LIabIOHOB).

O

PucyHok 9. BHyTpeHHee nnactukoBoe nokpbitie CBT u
HEMIOHOBbIE MPOXOAHbIE LLIab0Hb!

Figure 9. Internal Surface of SBT and Nylon Drift Diameter
Gages

[MpUMEHeHEe KOMMOHOBOK, BKJHOYatOLLIX OypubHble
Tpy6bl ¢ coeanHeHmnaMmn VX, NO3BONIO PELLUTL
cregyrouime 3aaaum:

e CHWKEHME CYMMAPHbIX MMAPaBINHECKUX NOTEPb
B Tpybax 1 KOMbLEBOM MPOCTPaHCTBE Ha BENHMHY
20-40%,T.e. nosgBUNack BO3MOXXHOCTb Ha 20-40%
YBEIMUUTD MMAPaBMYECKYIO MOLLIHOCTb Ha 00M10TE
1 MOPaBANYECKYHO YOAPHYKO CUy, O1s ONTUMU3aLMM
nokasatesnen bypeHns;

e [lopaep>xmBatb LM B 6e30MacHOM Kopuaope
3HaYeHWn 3a CHET YMEHbLLEHMS ANaMETPa 3aMKOBbIX
COEAVHEHNI, YTO B CBOK O4Yepedb MO3BONIO:

*  MUHUMMN3NPOBATL PUCKM OCbINen/0bBaIoB;

° MuHUMN3MPOBATL PUCKU OndEPEHLIMaNBHOMO
npuxeara;

* MUHUMM3MPOBATb PUCKW MOTMOLLEHVS B
BbICOKOMPOHULIAEMbIX M/1acTax.

® YyulTb KA4YECTBO OYMCTKN B BEPXHNX MHTEpBaax 3a
CYET yBEMMYEHNS amameTpa bypunbHbix TPyd ¢ CBT-
140 po CBT-149 (Bblle CKOPOCTb BOCXOOALLIETO
MoTOKa B KOJIbLIEBOM MPOCTPaHCTBE).

¢ [1pOYHOCTb BYPUSIBHOW KOMTOHHBI MO TeTy TPYOb!
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in standard connectors
(API/GOST). In double-shouldered joints this clearance is
absent, as a second stop face is located there instead.
Sets of protective top-drive adapters and removable
landing filter rings were manufactured as a solution to this
problem and the spout of the double-shouldered joint was
shortened by the thickness of the rings (see Figure 8). As
a result, a secure mounting of the screen, within the pipe,
was provided and the high torque characteristics of upper
joint of the drill string remained unchanged.

The callipering of drill pipes with internal polymer coating
was performed by the use of a special nylon drift

gage (see Figure 9) in order to keep the internal lining
from damaging (compared to the usage of universally
applicable drift diameter gages made of steel).

Using assemblies including the drill pipes with VX joints

enabled a solution to the following issues:

e Reduction in the total hydraulic pressure losses in
pipes and drill-pipe annulus by 20 - 40%, i.e. the
opportunity to increase the hydraulic power on drill bit
and the hydraulic shock force by 20 - 40%, in
order to optimize the drilling performance indicators;

¢ Maintaining the annulus pressure values within a safe
operating window, at the expense of a reduction of the
diameters of the box-and-pin joints, which enabled
the following:
¢ Minimization of risks of the well collapses;

* Minimization of risks of differential sticking;
¢ Minimization of risks of mud loss in the high-
permeability formations.

e Improving the cleaning quality in the upper sections by
increasing the drill pipe diameter from SBT-140 to SBT-
149 (augment the rate of upstream speed in annulus);

¢ The strength of drill string throughout the pipe body
remains the same despite the reduction of wall
thickness (the project stipulates the use of 139.7mm
drilling tool with wall thickness of 10.6mm);

¢ |n the second-generation double-shouldered joint
thread, the loads are distributed more evenly along the
length of threaded joint, so it reduces the probability of
breaking the joint pin in emergency situations;

e Improving the cleaning quality in the middle and lower
ranges at the expense of the annulus pressure and
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OCTa&TCa NPEXHEN, HECMOTPS Ha YMEHbLLEHNE
TOSLLMHBI CTEHKM (MPOEKTOM MPeayCMOTPEHO
NCNONb30BaHNe BYPUIBHOMO NHCTPYMeHTa 139.7MM C
TONWMHOM cTeHkM 10.54Mm);

e B pe3bbe OByXyNOPHOro 3aMKOBOIO COEANHEHNS
BTOPOr0O MOKOJSIEHMS HAarpy3KK pacnpeneneHsl bonee
PaBHOMEPHO MO OJIMHE PE3bOOBOr0 COEANHEHNS,
MO3TOMY YMEHBLLUTCS BEPOATHOCTb CIOMa HAMMENs
NPV BOSHUKHOBEHUN HELLITATHBIX CUTyauUu;

® YyulNTb KA4YECTBO OYUCTKN B CPELHNX N HUXKHUX
NHTepBanax 3a cHeT cHKeHns SLUMN 1 yBenmyeHms
0B6bEMA MPOKaYMBaEMOro pacTeopa BBUOY
YMEHBLLIEHHOrO AMaMeTpa 3aMKOB.

¢ BhilLie MOMEHT CBUHYMBaHNS, YTO OaeT
OOMNOSHNTENBHBIM 3anac NP BYPEHNN CKBaXKMHbI C
BbICOKVMM 3HAYEHNSMU KPYTHALLIErO MOMEHTa Ha
BEPXHEM MPUBOLE;

* MUHUMMBNPOBATb KPYTALLIMIA MOMEHT 32 CHET
CHUKEHWS BOKOBbIX YCUIN.

e CHWXeHVe 3aTpaT HENPOU3BOAUTENBHOMO BPEMEHM
N CHKEHNE CTOVMMOCTM NPOEKTA 3a CHET YMEHbLLEHUS
KOMMYECTBA NPOPabOTOK, AOMOJHUTENbHBIX MPOMBIBOK
1 OTCYTCTBUSA NMPYXBATOB, @ COOTBETCTBEHHO W 3aTpar
Ha X TMKBUOALMIO.

OnbIT UHXeHepHoW rpynnbl koMnaHun 3A0
«/lHBECTreocepBmC», rPamMOTHOE NNaHNPOBaHVEe
npouecca bypeHnst 1 NpaBuIbHbIM BbIGOP MHCTPYMEHTOB
1 0bopypoBaHNs s BypeHns 1 KpenneHus no3sonamv
YCMEeLIHO peanra3oBaTb NPOeKTbl BypeHusa Tpéx ERD
CKB&XXVH Ha KOpXapOoBCKOM MECTOPOXOEHNN.

"'eomexaHn4yeckoe conpoBoXXOeHue

[Mpexxae YeM NPUCTYNUTL K pa3paboTKe NPoeKTa,
0COB0E BHMMaHWE ObINIO YAENEHO OLEHKE PUCKOB U
OMPEeOeNneHno NyTen N PeLLEHU X NPEeaynPeXaeHUs.

Kak y>ke Bbls1o 0TMEYEHO, YCTOMUYMBOCTL CTBOMA
CKBaXKMH C BO/bLUMM OTXOA0M MPeacTaBnsania CepPbe3HYO
npobnemy npu BypeHnn, B OCOBEHHOCTY NpK BypeHnn

C BbICOKVMW 3EHUTHBIMM YT1aM YEPES MMHNCTbIE

nHTepBasbl. B ycnoBusx KOpxapoBCKOro MeCTOPOXXAEHUS

OOMONHUTENBHO CYLLECTBYIOT Crneummnyeckme

NPoBIEMbI, CBA3AHHbIE C YCTONYMBOCTLIO CTBOMA:!

e |/lcToulEeHE NPOOYKTUBHbBIX MACTOB U CHYDKEHNE
NN1acToOBOro AaB/ieHWsl, KOTOPbIE CMOCOOCTBYIOT
CHV>KEHMIO JaBfieHVst rmapopaspbIiBa U NoroLeHNs
OypOBOro pacTeopa;

e Hannume HecTabubHbIX MINHUCTbLIX MHTEPBASIOB, B
OCOBEHHOCTU VMHTEpBana «LIOKONaAHbIX MH».

Hanuune ogHOBpeMEHHO 06enx OCOBEHHOCTEN
CYLLIECTBEHHO Cy3110 6e30macHOe OKHO BypOBOro
pacTBopa 1 CAeNasno CyLLECTBEHHBIM (C TOYKN 3peHNs
YCTONYMBOCTU CTEHOK) UBMEHEHWNE MNOTHOCTM BYPOBOro
pacTBopa Aaxe B 0.01r/cms.
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the increase of pumped solution because of the smaller
diameter of joints;

e Higher make-up torque, which generates additional
reserves for drilling the well with high values of torque
on the upper drive;

e Minimization of torque at the expense of reducing
lateral efforts;

e |ower cost of non-productive time and reduction of
project costs due to decrease in the number of
handlings, additional leaching and lack of sticking and
therefore the costs of their replacement.

Thus the experience of Investgeoservice CJSC
engineering group of companies, proper planning of the
drilling processes and proper selection of drilling tools,
pipe and equipment made it possible to successfully
implement the project of drilling three ERD wells at the
Yurkhar field.

Geo-mechanical Support

Prior to developing the project, special attention was paid
to the project risk assessment and identification of the
varies ways and solutions for their prevention.

As it has already been noted, the sustainability of
extended reach wellbore presented a serious problem
during the drilling operations, especially while drilling with
high zenith angles through the shale sections. At the
Yurkhar field, there are specific problems related to the
stability of the borehole:

e Depletion of the producing beds and a decrease the
of reservoir pressure contribute to the fracture gradient
reduction and lost drilling mud;

e Unstable shale sections, in particular the «chocolate
clay» sections.

The presence of both those particular cases drastically
narrowed the safe mud weight window and assigned
significance (in terms of wall sustainability) to the changes
in the drilling mud density, even for 0.01g/cm3.

The combined chart of pressure gradients based on the
preliminary drilling geo-technical model of one of the
project wells is shown in Figure 10.

The above figure gives a good view of pressure gradient
changes depending on the depth. It is visible, how the
fracture and wall collapse gradients change in one of the
points depending on the values of the azimuth and zenith
angles. The zenith angle changes have the strongest
impact, when, at zero degrees, the safe window between
the gradients of borehole walls collapse and fracturing

is maximum; but with increase of the zenith angle up

to 90 degrees, a narrowing of its borders takes place,

up to and almost a complete disappearance of the safe
window. This is due to the significantly higher accident
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Ha PucyHke 10 nokasaH

i ° Mechanical stratigraphy

COBMELLIEHHbI rpad)'/'vK I :Shales N
rpaVIeHTOB JaBNEHUI Ha «Sands
OCHOBaHWI NpendypoBoro I Coals Kick
FEOMEXaHN4eCKoro sDenses welinore
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MOZEMPOBaHNS OAHOM 13 MWTL
NAaHNPYEMbIX CKBEXKMH.
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1 06PYLIEHMS CTEHOK
CKBaXXVHbl, B 3aBUCUMOCTM
OT 3HAYEHNIN a3VMyTasIbHOIO
1 3EHUTHOrO Yr/10B.
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PucyHnok 10. MNpenbypoBor pacyET yCTONYNBOCTU OAHOW N3 COCEOHVX CKBaXKVH
Figure 10. Preliminary stability calculation regarding one of the neighboring wells

yrna no OeBsHocTa rpaoycoB
MponcxXogunT CMblKaHWe 31X rpaHnL, 40 NPakKTU4eCKn
MOSTHOO UCYE3HOBEHMS Be3onacHom obnactn. STM
06BACHAETCS 3HAUMTENIbLHO BO1EE BbICOKas aBapUNHOCTb
npw BYpPeHN ropU30HTaSIbHBIX CKBaXKMH MO CPaBHEHIO
C HaKJ/IOHHO-HaMnpPaBNeHHbIMA. Takoke NPUCYTCTBYET
BJISIHNE a3VMyTaslbHOrO Yria MosIoXKeHNst TPaeKTOpUm

B MPOCTPaHCTBE Ha BeSIMYMHY 6E30MacHOro OKHa Mexady
rpagueHTaMu rapopaspbiBa 1 06pyLLEeHWS Mopod.

OoHM 13 KIMKOYEBBIX PELLEHUI CTAIO UCTONb30BaHNE
reOMexaHuKK nepep OypeHnem 1 B peasibHOM

BpemMeHn. [eomMexaHnyeckas Mode b Ha aTane
NAaHMPOBaHVI NMO3BOA ONPEAENNTb «TPYOHbIE>
VHTEPBasbl 11 6e30MacHble rpaHNLbl 3KBUBAIEHTHOM
LIMPKYISILMOHHOM MAIOTHOCTU, HAa OCHOBaHWM KOTOPbIX
OCYLLECTBASNCA BbIBOP peLleHnn n TexHonorun. Ins
NoAyyYeHns Hambonee TOYHbIX 3HAYEHNIN BE30MACHbIX
FPaHWL, SKBUBA/IEHTHOWN LIMPKYNSLMOHHON MAOTHOCTU
reoMexaHn4Yeckas Moaeib OBHOBAANACH B PeasibHOM
BPEMEHN Ha OCHOBAHMWN KapOTaXKEN OCYLLIECTBASEMbIX
npubopamm reodnandeckmx nccnegosaruin (MN/C)

B KHBK B0 Bpemsi bypeHuns. Ha ocHoBaHMM AaHHbIX
3amepa 3KBMBASIEHTHOW LIMPKYIALUMOHHOM NAOTHOCTA
(®UMM) paTyrka 3aboMHOro AaBneHUst Bblonpaicb
peXUMbI BypeHus, obecrnednsaroLLie cobaaeHe
YCTaHOBJIEHHbIX 6€30MacHbIX MMMUTOB. [19 obecnedyeHns
6e3aBapUMHOCTV NPOBOOKW MHTepBana dbina
cneuyanbHO NogobpaHa peLenTypa BypoBOro pacTeopa,
obecneumBatoLLas npriemnemble 3HadeHus SLIM n H13Kure
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rate at drilling horizontal wells in comparison with the
directionally-controlled wells. There is also the impact of
azimuth angle on the path’s position in space, delineated
by the value of the safe window between gradients of
fracturing and wall collapse.

One of the key solutions consists in application of geo-
mechanics prior to drilling and in real time mode. The use
of a geo-mechanical model at planning stage enabled
identification of «difficult» sections and safe limits of
equivalent circulating density, which served as a basis for
making and choosing solutions and technologies. To get
the most accurate values on the safe limits of equivalent
circulating density, the geo-mechanical model was
updated in real-time mode, based on logging carried out
in the BHA during the drilling operations via the use of
geophysical research tools (GIS). Based on the equivalent
circulating density (ECD) data measured by a bottom hole
pressure sensor, drilling modes were selected to ensure
adherence to the established safe limits.

In order to ensure the safety of drilling within each section,
a special formula of drilling mud was selected to provide
acceptable values of ECD and low friction ratios. Based
on the results of this modeling, the drilling and wash-out
modes, rate of tripping and of direct/back reaming, as
well as the speed of running the casing strings and liners
were selected. For trouble-free drilling at the preliminary
modeling stage, the mechanical properties models (MPM)
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KO3 PULIMEHTBI TPEHUS. Ha 0CHOBaHMKM NOyYEHHbIX
pe3ynbTaTtoB MOAENMPOBaHMS NOAOUPANIUCH PEXMbI
BypeHVs 1 MPOMbIBOK, CKOPOCTb CINO 1 npsambIx/
obpaTHbIX MPOPabOTOK, a TakXKe CKOPOCTM CryCcKa
06cafHbIX KOJIOHH 1 XBOCTOBUKOB.

B uengax 6e3aBapuinHOro bypeHust Ha atane
NpenbypoBOro MoaeMpoBaHMst BbLIM NOJTyHYEHbI MOAEN
MexaHn4eckmx ceoncts (MMC) 1 npousBeadeH pacyeT
YCTOMUYMBOCTU CTEHOK CKBaXKMHbI (PYCC) ons Tpex
NAaHMPYEMbIX CKBaXKWH. [JaHHbIMW A5t MOCTPOEHNS
MMC 1 PYCC cay>Kunm CUHTETUYECKME KapOTaXKHbIE
KPVBbIE, MEPEHECEHHbIE C OMOPHbBIX CKBAXKWNH, OaHHbIE

O NIACTOBOM OaBJSIEHNN, PE3YIbTaThl TECTMPOBAHNS
0bpasLIoB kepHa C paHee NPODBYPEHHBIX CKBaXKMH.
OCHOBHOW LIEMBIO pacyeTa yCTOMYMBOrO COCTOSAHMA
CTBOJ1a CKB&XKMHbI 151 MIAHOBOW TPAEKTOPUM ABNSETCS
onpefeneHne rpanHnLl, 3KBUBaIEHTHOW MIOTHOCTY
OypoBOro pacTBoOpa, 3HaHWE KOTOPbIX MO3BOISET
n3bexkatb NPOGEM C YCTOMUMBOCTBIO CTBOJIA
CKBaXKVHbI. B xofe aToro nccnenoBaHns npon3soanTcs
pacYéT rpadveHTa pa3pbiBa Nopoa, rpagmeHTa
0DpYLLEHNS, PaCHET U KanMbpoBKa yrpyrx CBONCTB
MOpPOA, B OKOSTOCKBAXKMHHOM MPOCTPAHCTBE U pacHéT
YCTONYMBOCTU CTEHOK CKBXKMH C LE/BbIO ONpeaeieHns
6e30MacHOro OKHa yaesibHOro Beca 6ypoBOro pacTeopa,
onpeneseHnst PUCKOB, CBA3aHHbBIX C HECTABUIBHOCTHLIO
CTBOJ1a CKBaXKWHBbI.

VImetoLmecs gaHHble kapoTarka MO3BOINAM MPOBECTU
OeTasbHbI PACHET YCTONYMBOCTU CTEHOK CKBXKMHBI.
Mprbopbl kapoTaxa, ncnoabdyemble B KHBK, nossonnnm
MPOBECTV OAsTbHENLLIYIO MPOBEPKY MOCTPOEHHOW MOAENN.
MpoBepka NpoBOAWIaChE Ha OCHOBE COMOCTaBEHMS
pPe3yNbTaToOB pacyeTa C 3arn1chio KaBepPHOMETPUN (1
cpasHeHne 0o 1 nocne ClO). Takxke B xoae bypeHus
Obl/1 OCYLLECTBNEH PaCLLMPEHHbBIN TECT Ha PaspbIiB
npunbalMaYHOn 30HbI CKBaXKMHbI (extended leak-off

test - ELOT), nossonmBLLNA OTKaNMOpoBaTh MOAENb
YCTOMHYMBOCTU.

[ns BbINONHEHWSA NOCTaBEHHbIX LIENEN Gbl PELIEHDI

cnegyrolime sanadu:

v/ AyauT NCXOOHbIX AAHHbIX;

v PacueT 1 kannbpoBka MexaHN4eCKMX CBOWCTB U
MPOYHOCTY MOPOL, A1 ONMOPHBIX CKBaXKWH;

v PacueT 1 KannbpoBka Hanpsi>KeHUM ONOPHbIX CKBEDKUH;

v PacyeT yCToN4rMBOCTM CTBOJIA A5 ONMOPHbBIX CKBAKMH;

v [epeHoc ynpyro-npoYHOCTHBIX CBOWCTB Ha TRPAEKTOPUM
NIAHVPYEMbIX CKBaXKVH;

v BbIBoOp! 1 pekoMeHaaLmmn o BypenHust.

B cuny goctatoyHo y3Kkoro 6e30macHoro okHa
9KBMBASIEHTHOW LUMPKYNSALUMOHHOW NAIOTHOCTA 1 HANIN4NS
BbICOKWX PUCKOB, CBSA3AHHbIX C YCTOMYMBOCTLIO CTBOA
CKBaXKUHbI, Oblna BbigBeHa HEOOX0OMMOCTL OOHOBNEHUS
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were obtained and the calculation for the borehole wall
stability (CBWS) was carried out for three projected wells.
The synthetic well-logging curves transferred from the key
wells, the reservoir pressure data and the test results of
the core samples taken from previously drilled wells, all
served as data for building the MPM and CBWS models.

The main purpose of the borehole stability calculation

for the designed wellbore is to define the limits of the
equivalent mud weight, the awareness of which will allow
one to avoid problems with wellbore stability. In the course
of this survey, the calculation of the fracture and collapse
gradients, calculation and calibration of the elastic
properties of the rocks in the borehole environment and
the calculation of the wellbore wall stability to determine
the safe windows of the specific gravity of the drilling
mud, as well as identification of the risks associated with
borehole instability were determined.

The available logging data was enough to carry out
detailed calculations on the borehole wall stability. The
logging tools used in the BHA allowed further validation
of the constructed model. The validation was carried out
on the basis of the comparison of the calculation results
from the caliper measurement records (before and after
tripping). Moreover, an extended leak-off test (ELOT) was
carried out during drilling operations in the casing shoe
area, which allowed the calibration of the stability model.

The following tasks were resolved to achieve the target

goals:

e |nitial data audit;

e Calculation and calibration of the mechanical properties
and the hardness of rocks for the key wells;

e Calculation and calibration of the key well stresses on
the bearing drilling string

e Calculation on borehole stability as regards to the
key wells;

e Transfer of elasticity and strength properties for the
designed wellbores;

e Conclusions and recommendations on drilling

Because of the narrow window regarding the equivalent
circulating density and high risks associated with the
wellbore sustainability, the necessity to renew the
calculations under the geo-mechanical model in a real
time mode and to monitor the operating parameters of
the drilling operations within the calculated limits was
made evident. Based on the preliminary calculations of
the wellbore wall stability, the safe boundaries of the mud
weight parameters were identified and a set of engineering
technologies required for this calculation were selected, for
which purpose the GIS bottom hole assembly in the BHA
was furnished with additional broadband acoustic (BALD)
density (GGK-p) and neutron (NL) logging tools. Based on
the data transmitted to the surface from the BALD, GGK-p
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PucyHok 11. MNprmeHeHre cepaurca [[eOMexaHmKm B peasibHOM BPEMEHN, MOBbILIEHHbBIA KOHTPOIb COCTOSHMA CTBOIA
Figure 11. Real-Time Geomechanics Service Application and Tightened Borehole Condition Control

pacyéta reoMexaHM4eCKom MoLeN B peasibHOM BPEMEHN
N KOHTPOJIS 3a 0becrnedeHeM paboumx napameTpoB
OypeHVs B paMKax paccumMTaHHbIX rpaHnL,. Ha ocHoBaHWK
NpeadypoBbIX PACHETOB YCTONYMBOCTU CTEHOK CTBOJIOB
CKB&XXWH BblI OnpeaesieHbl npeaensl 6e3o0nacHoro okHa
OypeHns 1 BblIbpaH KOMMNEKC MHXXEHEPHBIX TEXHOMOMN,
HeObX0AMMbIX /15t 3TOro pacyéTa, 4SS Yero B COcTaB
3abonHoro komnnekca MN1C KHBK 6blv Bko4eHb!
NpUBOP aKyCTUHECKOrO LUMPOKOMOJIOCHOIO KapoTaxka
(AKLL) n mprbop nnotHocTHOrO (MK-M) 1 HENTPOHHOTO
(HK) kapoTtaken. Mo pgaHHbIM AKLLL, TTK-IMTun HK,
MOCTYMNAaOLLIMX HA MOBEPXHOCTb B PEXMME PEeasibHOro
BPEMEHW, PACCHUTBIBASIMCE YIPYIe 1 MPOYHOCTHbIE
CBOWCTBa pa3byprBaeMbix MOpof, Ha OCHOBaHMM
KOTOPbIX MPOM3BOAMIICS HEMPEPBIBHBIM PaCHET
YCTONYMBOCTU CTEHOK CKBaXKMHbI B PEXNME PeaslibHOro
BpemMenu (cM. PucyHok 11, a Takke PucyHkmn 19.A — 19.1).

B npouecce bypeHns KomaHaom reOMexaHnkoB
npon3BognsiCa MOHUTOPWUHI N KOHTPOJ1b CrieayroLwmX
OCHOBHbIX NapPamMeTPOB:

e O6HOBNEHNE MOOENN CTabUNBbHOCTY CTBOJ1A CKBaXKMHbI
B PEXMME peasibHOro BPEMEHU;

e OnTUMM3aLMS yaOenbHOro Beca 1 peonorum 6ypoBoro
pacTBOpa Ha OCHOBaHWUM Pe3ysbTaToB pacyéTta
rEOMEXaHUKU;

o MOHI/ITOpI/IHF M aHasiM3 MexaHM4YeCKMX napamMeTpoB
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and NL tools in real time mode, the elasticity and strength
properties of the formation were calculated. Based on
which, a continuous calculation of the wellbore wall
stability was conducted in real time (see Figure 11).

During the drilling operations, a team of geo-mechanical
engineers carried out the monitoring and control over the
following basic parameters:

e Renewal of wellbore stability model in a real time;

e Optimization of specific weight and rheology of the
drilling mud based on the geo-mechanic calculation
results;

e Monitoring and analysis of mechanical drilling
parameters;

¢ Monitoring and provision of the recommendations on
the drilling optimization and trips;

e Monitoring of wellbore conditions.

As a result of the reliable information received, in real time,
the maximum control over the wellbore conditions was
successful and the most effective selection of the modes
and other various drilling operations were ensured and
optimized as well. As a result, the Operator managed to
cut some of the previously planned tripping operations
while retaining the high quality of borehole and managing
to increase the rate of penetration (ROP) by 30%
compared with the planned drilling program.
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Oypenns;

© MOHUTOPVHI 1 Bblga4a pekoMeHaaumii no
ONTUMUN3ALMN PEXMOB BYPEHMS 1 CMYCKOMOABEMHbIX
onepauni;

® MOHUTOPUHI COCTOSHNSI CTBOJTA CKBaXKMHDI.

B pesynbTarte nosy4erHus 4OCTOBEPHON MHDopMaLn

B PeXVMe peasibHOro BpeMeH yaanioCh OCYLLECTBUTb
MaKCUMaJTbHbI KOHTPO/Tb 38 COCTOSIHMEM CTBOJ1A
CKBaXKMHbI 1 06€CMeYnTb MaKCUMasTbHO 3(D(EKTUBHBIN
BbIOOP PEXMMOB M APYIX OnepaLui Npu 6ypenHun.

B pesynbTate, yoanock oTkasaTbcs OT psiaa
3annaHnpoBaHHbix paHee CIO npuy coxpaHeHnn
BbICOKOIO Ka4eCTBa CTBOJ1a U MOBLICUTb MEXaHWNYECKYHO
CKOPOCTb NPoxoaxku Ha 30% MO CpaBHEHMIO C MIaHOBbIMI
CKOPOCTAMU BYPEHMS.

YHuKasbHbI HA6Op TEXHOOrUM NpU
CTPOUTESIbCTBE CKBaXXUH

Ewe Ha cTagum nnaHnpoBaHus 0coboe BHUMaHME Oblio
YOENEHO BbIGOPY MPaBUIbLHOM TEXHOMOMN BypPeHUs.
MeToabl, CNOIb30BaHHbIE A5 Pa3pPabOoTKN CUCTEMBI
OypeHus Ha KOpXapoBCKOM MECTOPOXAEHNN, Obln
OCHOBaHb! Ha TLLATETbHOM W1 AeTaNlbHOM MS1IaHMPOBAHUN,
MOLEMPOBaHUM CKBaXKVNHHBIX 1 HA3EMHBIX YCIOBUM 1
OLEHKe PE3YIbTAaTOB COMETaHNUS Pa3/INHHBIX TEXHOMOMUN.
lcnonb3oBaHve cUcTeMbl Byperunst (cM. PUcyHoK 12)

0719 NoNyYeHnst apdeKTUBHBIX PE3YIbTATOB HEeslb3s
HEeOOOLEHNTb, MOCKOIbKY MHOMME ONepaumoHHbIe
YCNOBUS, TaKMe Kak CTabubHOCTb CTBOIA CKBaXKMHbI, He
MO3BONSIOT NCMOJ1b30BaTh METOZ, MPO6 U OLLINGOK, T.K.

B C/lydae HeratvBHbIX BO3OEVCTBUIN pesybTaTbl 6yayT
BT Ha OOCTWKEHWNE LESen CTPOUTEbCTBA CEKLUMA 1 B
OTOENBbHBIX CIlyHasix CKBaXKMHbI B LiesToMm [9)].

Bygctss
ooy

PucyHok 12. PotopHasa ynpasnsemas cuctema (PYC)

KHBK

B HacTosLee Bpems npeasiaraeMble POTOPHbIE
ynpaensemMble cuctembl (PYC) 9BASKOTCA ONTUMasIbHbIM
BapuaHToM O/19 Bypenus ckBaxkiH BOB, Tak Kak

OHW 0becnevnBatoT HanpaBeHHOE BypeHne npu
HEMPEPbLIBHOM BpaLLeHUM BYpPUIBHOM KOTOHHbI, T.€.

www.rogtecmagazine.com

Unique Set of Well Construction Technologies

At the planning stage, special attention had already been
paid to the proper selection of drilling technologies. The
techniques used for development of the drilling system at
the Yurkhar field were based on carefully detailed planning
and modeling of the borehole and sub-soil conditions, as
well as the evaluation of the results by combining all of the
different technologies. The appropriateness of the drilling
system (see Figure 12) for achieving effective results
should not be underestimated, because many operational
conditions, such as the wellbore stability, do not allow for
a trial-and-error situation, as any negative outcome would
have had an impact on achieving the desired results and
in some cases — on the overall well construction [9].

Drilling

Equipment Techniques

i

ERD Borehole
Stability

Figure 12. Rotary Steering System (RSS)

BHA

Currently, the proposed Rotary Steering Systems (RSS)
are the best choice for ERD well drilling, as they provide
directional drilling with continuous rotation of drilling string,
i.e. they provide conditions for effective cuttings removal
that minimize the risks of the BHA sticking.

RSS (see Figure 13) allows for the control of the borehole
deviation in all three planes during drill string rotation. To
change the drilling direction, this unique tool has dfill-
powered arms pushing off from the formation being drilled
whilst the drill string is rotated. Technologically, this tool may
be used independently or in combination with telemetry
and logging tools providing a real-time communication with
surface during the driling works (MWD/LWD). The system
consists of two main components:

e Diverter Node & e Control Node

The Diverter Node is located immediately above the bit and
represents a solid mechanical structure including three drill-
powered arms and a hydraulic control system. The arms can
be actuated by turning a valve, which selectively directs the
high-pressure mud into each of drives in the order of their
rotation. The angular position of the turning valve, compared
to the body of diverter node, determines which of the starters
are under load against the rocks.
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CO3al0T yCoBus ANs 9PdeKTBHOIrO BbIHOCA LLj1aMa,
YTO NO3BOJISET MUHUMU3NPOBATL PUCKM NpuxBaTa KHBK.

PoTopHas ynpaensemas cuctema (Cm. PrcyHok

13) NO3BOSAET YyNPaBASATb OTKIIOHEHWEM CTBOA B
TPEXMEPHOM MPOCTPaAHCTBE BO BPEMS BpaLLEHMS
OYPUNIBHON KOMOHHbI. N9 M3MEHEHNS HaNpaBieHNs
OypeHVs B 3TOM YHUKAIbHOM MHCTRYMEHTE Cy»KaT
NMPVBOAVMbIE B AENCTBME BYPOBLIM PACTBOPOM

yMopbl, KOTOPbIE BO BPEMS BPALLEHUS OYPUITbHON
KOJTOHHbI OTTaSIKMBAKOTCS OT pasbypriBaeMor nopoap!.
TEeXHOMOMMYECKM MHCTPYMEHT MOXKET 1CMOSIb30BATHCH
CaMOCTOSATESBHO, U/ B KOMMOHOBKE C MHCTPYMEHTaMM
TENEMETPUM N KapOTaxKa HEMOCPEACTBEHHO BO BPEMS
oyperna (MWD/LWD), obecneumBatoLLMMm CBSA3b C
MOBEPXHOCTLIO B peasibHOM BpemeHn. Cructema CoOCTOUT
13 OBYX [TaBHbIX Y3/10B:

e Y3en OTKIOHUTENS

* Y3en YnpasneHus

Yzen OTKNoHUTEN pasMeLLiEH HEMOCPEOCTBEHHO

Hag, 40I0TOM W1 MPEACTaBASET COO0M NMPOYHYHO
MEXAHNYECKYIO KOHCTPYKLIMIO, BKIIOHAIOLLYIO TPW yrnopa,
AKTUBMPYEMBIX BYPOBbIM PACTBOPOM, 1 CUCTEMY UX
MMOPAaBINYECKOrO YNpaBaeHMs. YNopbl MPYBOOSTCS B
[OEeNCTBME NOBOPOTHBIM KJlanaHOM, KOTOPbIN BbIGOPOYHO
HanpaBnSeT OypOBOW PacTBOP MOA BbICOKMM OaBNEHNEM
B KaXXObI 13 MPMBOAOB YNOPOB B O4EepPeaHOCT CBOErO
BpaLleHVs. Yrnosas no3vums 3Toro MoBOPOTHOIO
KJlanaHa no OTHOLLEHUIO K KOPMYCY y3na OTKIOHUTENS
OMNPEMENAET KaKOM MMEHHO N3 MyCKaTENEN NCMbITbIBAET
HarpysKy OT FOPHOM NOPOabl.

Y3en YnpaBAeHWst COUNEHEH C Y310M OTKJIOHUTENS U
npegHa3HaqyeH ong ynpasnieHns CUCTEM, BbIMOHAOLLIX
OTK/IOHeHWe aonoTa. OH COCTOUT N3 MMPOCKOMUHECKN
CTabuNn3npoBaHHoOW NaaThopMbl ans 6opTOBOM
3NEKTPOHVKN 1 AaTHMKOB, 1 CBODOAHO BpaLLAOLLXCS
VMMMNENIEePOB, YCTAHOB/IEHHbIX Ha TopLax y3na u
NMPVBOAMMBIX B ABVKEHVE ByPOBbIM PACTBOPOM.
[nardopmMa CMOHTUPOBaHa Ha NMOALIMMHMKAX

BHYTPW CreuyanbHO CKOHCTRyMpoBaHHoM YBT. O9Tn
NOALUMMAHVKLA AONYCKAOT TOJIbKO OOHY CTEMNEHb
€cB0O6OAbI MOBOPOTA MNAATMOPMbI MPY BRALLEHUM
KOJIOHHbI oTHOCUTESIbHO YBT. MNpun a1oM YBT Takke
CBSi3aHa KPYTALLMM MOMEHTOM Yepes3 MPUBOOHYHO
MydTy C MOBOPOTHBIM KlarnaHoM y3/1a OTKIIOHEHUS U
KOHTPOJIMPYET €ro YrioBOe MOSIOXXEHNE, KOTOPOE B
CBOIO 04epedb ONMPemenseT yrof OTKIIOHeHVs 0onoTa.
BospgencTere notoka BypoBOro pacTtBopa, MPOXOasLLErO
4yepes UMNennepsbl, UCNOAbL3YETCS /19 BpaLleHVs

y3na ynpasneHus oTHocutensHo YBT. MNepepava
BpaLLaTEeNIbHOr0 MOMEHTA OT UMMNENIEPOB K Naatdopme
yMPaBNSeTCs NOCPEACTBOM U3MEHEHWS SNIEKTPUHECKOrO
COMPOTUBNEHNSI FEHEPATOPHON OBMOTKM, YCTAHOBIEHHOW
B Y3/ ynpaB/ieH/s B KA4ECTBE MCTOYHMKA MOCTOSAHHOM
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PucyHok 13. PoTopHas ynpasnsemas cuctema (PYC)
Figure 13. Rotary Steerable System (RSS)

The Control Node is connected with the Diverter node
and is intended to manage the system’s performance for
the deviating the drill bit. It consists of a gyroscopically
stabilized platform with on-board electronics and sensors,
freely rotating impellers, installed at the bearing face and
powered by the drilling mud. The platform is mounted

on bearings inside a specially designed drill collar. These
bearings provide only one degree of freedom in turning the
platform during column rotation around the drill collar. At
the same time, the drill collar is connected with a torque
drive through the drive tool joint for turning the valve of
the diverter node, and controls its angular position, which
determines, in turn, the deviation angle of the drill bit.

The impact of driling mud flow passing through impellers
is used to rotate the control node around the drill collar.
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MarHUTHOW CWJibl, B MPOLECCE BPALLEHVS NMMNENIepoB.
[ONOXUTENBHBIN 1 OTPULATENBHBIM 3MEKTVBHbBIN
KPYTALLMA MOMEHT OOCTUMAETCS NyTEM BpaLLEeHWs
VMMNENIEPOB B MPOTUBOMOIOXKHOM HanpasaeHun. Bo
BpeMms BpalleH1s yana ynpaBieHns oTHocUTeNsHo YBT
OCYLLIECTBNSETCA NPUBOL, Ha ynopbl. PaboTa reHepartopa
NnodaeT SMeKTPONUTaHNE Ha BOPTOBLIE CUCTEMBI.

Y3en ynpaBiieHnst OCHaLLIEH akcenepoMeTpamMn
MarHMTOMeTPamm, NO3BONSIOLLMMM ONPEnEndTs Yyron u
a3nMyT NPOAOIbHOM OCK MIaTdopPMbl y3na ynpasieHns,
TEM CaMbIM ONPEEAs HanpaBeHne nogaym 4oaoTa.
Pukcaums yana ynpasaeHus Npy NOCTOSHHOM yrie
HaK/IOHa MPVBOANT K MAKCHMMasIbHOMY OTKJTOHEHMIO B
OonpenesIeHHOM HanpaBNeHUM OTHOCUTENBHO BEPXHEO
MOJSIOXKEHUS OTKITOHUTENS UM MarHUTHOIO CeBepa.
YMeHbLLEHNE CKOPOCTU OTKITOHEHNS MPOU3BOANTCSA
4Yepes KOMaHay, MPUBOAALLYIO K BPALLEHMIO Y3a
YnpaBieHns B CreumasibHOM PEXVME.

Bo Bpemsa BypeHrs HaCTPOWKM NHCTPYMEHTa MOXHO
N3MEHSTb MOCPEOCTBOM U3MEHEHMS Moda4un PacTBopa,
Kak npasuno, B npegenax 20% oT 3a0aHHON BENNYNHDI.
Takas BO3BMOXHOCTb 06eCMeUVBaET NPOOOSKEHNE
BypeHVs Mpu HaNIMYMK KaHana CBs3m ¢ npubopom. Bo
BPEMS STOro Mpouecca y3e ynpasaeHs BOCAPUHMAET
TENEMETPUHECKME KOMaHbI MyTEM MOHUTOPUHIA
N3MEHEHUI KPYTSLLIErO MOMEHTa BEPXHErO UMMenepa
1 BbIGMPAET 13 3apaHee 3a4aHHOro amManasoHa
MOMEHTOB TaKyro BESMHMHY, KOTOpas TpebyeTcs os
OOCTVDKEHUS TPeBYeMOro OTKNOHeHNS. [1ByCTOPOHHSS
CBSA3b 0becnevmBaeTCsa NOCPEACTBOM cucTemMsl MWD
4Yepes UMMYJIbCHYKO CUCTEMY Nepenayn Mexay y3namu.
C Hayayiom Kapk[oro LMKIa HarHeTaHus pacTBopa
YCTPOWCTBO NepenaéT ynpaBAStoLLA CUrHaT, & Takxe
3amepsieMble OaHHble (yros, asuMyT, ObLLEee 3HaYeHne
rPaBUTALMOHHOIO MO 3eMN, KOA, COCTOSIHUSA,
MarHuTHoe rnone). B pexxume 6ypeHnst gaHHble OT
NpVBOAA BKIKOHAKOT Yrofl, a3uMyT U KOA COCTOAHNS
nprbopa, NOATBEP>KAAKOLLMA TEKYLLME HACTPOMKM
WHCTPYMEHTA, a TakKe XOpOoLLUee Ka4eCTBO nprema
WMHpopMaLmn.

Mpu BypeHun paccMaTpUBaEMbIX CKBXKWH POTOPHO-
ynpaBfsieMble CUCTEMbI UCMOMb30BAIMCh MpU

BypeHun cnepytoLmx cekum: 311.1mm noa 244.5Mm
SKCNyaTauyoHHY KOOHHY, 215.9 MM nog, 177.8 Mm
NOTaMHYKO KONMOHHY 1 155.6MM nog 127MM XBOCTOBUKM.

[ns BOCTVKEHUS HAMNYHLLVIX MoKa3aTeen
3(hHEKTUBHOCTU BYPEHMIS, KOHTPOSIS PEXVMOB
OypeHns B pexxnMe peasnibHOro BPEMEHW U MOJTyHEHNS
JaHHbIX 015 MPOBOAKM CKBaXKWHbI ObINA MCNOSIb30BaHb!
KJTHOYEBBIE TEXHOIOTUM HAKJTOHHO-HaMPaBEHHOMO
BypEeHV 1 U3MEPEHU B MpoLiecce BypeHns (CM.
PucyHok 14), BKKYas LUMPOKOMOIOCHbIN aKyCTUYECKMIA
KapOTaXK, BbICOKOCKOPOCTHYO TENTEMETPULO,
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The torque transfer from impellers to platform is regulated
by electrical resistance changes in the generator installed
in the control node as a source of permanent magnetic
force during the impeller’s rotation. The positive and
negative effective torque is achieved by rotating the
impellers in the opposite direction. During the rotation of
the control node around the drill collar, an arm actuation
takes place. Generator delivers power to the on-board
system. The control node is equipped with accelerometers
and magnetometers; it allows determining the angle

and azimuth of the longitudinal axis of the control node
platform, thereby defining the bit feeding direction.

The control node fixed at a constant angle leads to the
maximum deviation in the specific direction relative to the
top position of the diverter or magnetic north. The reduction
of the deviation rates should be done by order, resulting in a
rotation of the control node in a special mode.

During the drilling operations, tool settings may be
configured by changing the mud flow rates, usually within
20 % of the specified value. Such an opportunity ensures
the continuation of drilling operations, if a communication
channel with the tool is available. During this process, the
control node perceives the telemetry orders by monitoring
the changes of upper impeller torque and selects from a
specified range of torque values one that is required to
achieve the required deviation. Two-way communication
is provided by the use of the MWD system through the
impulse transmission system between the nodes. With
commencement of each mud injection cycle, the device
transmits the control signal, as well as the measured data
(angle, azimuth, the total value of the earth’s gravitational
field, magnetic field and status code). In the drilling mode,
data received from the driver includes angle, azimuth and
status code of device, confirming the current configuration
of tool and the good quality of data reception.

When drilling the wells in question, rotary steering systems
were used on drilling the following sections: 311.1mm under
244 .5mm production string, 215.9mm under 177.8mm tie-
back string, and 155.6mm under 127mm liner.

To achieve the best performance indicators and drilling
efficiency, to conduct real-time control over the drilling
modes and to provide data for targeting the well,

key directionally-controlled drilling and measurement
technologies were applied (see Figure 14), including
the broadband acoustic logging, high-speed telemetry,
multifunctional logging tools with neutron porosity,
density, resistance profiles in combination with the
controlled rotary systems and PDC bits. Several new
technologies were applied to conduct measurements
and logging during drilling, amongst them a new
generation of instrumentation and telemetry tools for
logging the formation pressures that were used for the
first time on Russia’s mainland.
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PYO + CNELUUANTU3UPOBAHHBIE JOBABKU
OBM + Special Additive

® Bbicokas cTabunbHOCTb CTEHOK CKBAXKVIHb
¢ High stability of well bore walls

 Bbicokas cTabunbHOCTb pacTBopa

 High stability of driling mug

* BbICOKOE Ka4eCTBO MePBUYHOTO BCKPbITUS
e High quality of initial opening-up

FEOMEXAHUKA
GEOMECHANICS

o CoafaHvie KapTbl prckoB npu BypeHum (DrillMap)

* Compilliation of drill map

® PacyéT 6e30nacHoro avanasoHa sHaueHui
nnotHocTv BP

e Calculation of safe mud weight window

© MOHWTOPVHI B peasisHOM BPEMEHMN

® Real-time monitoring

MopenupoBaHue
Modelling

¢ MoaenmpoBaHvie 3a601HbIX BUOpaLWIA
* Downhole vibration modelling

o [1OpaBANYECKIME PacHETbI

e Calculation of safe mud weight window
® MexaHn4eckue CBOVICTBA NOPOA,

¢ Mechanic properties of rocks

® Huskas peonorus
e | ow theology

o Low probability of complexities

® Hy3kas BEPOATHOCTb OCIOXKHEHUI

CHIWKeHne KoadduLmeHTa TpeHns fo 30%
Reduction of friction ratio to 30 percent

e ) . ] — ——— —— ]

HelnTpoHHbIN KapoTax.
30Hp,
Neutron logging sonde

® HelTpoHHas MopyCTOCTb
® Neutron porosity

® A3nmyTasibHas MIOTHOCTb
o Azimuthal density

* YK kaBepHomep

o Caliper

HelTpoHHbIN
KapoTa. 30HA,
Acoustic logging
o [LInpokononocTHomn
AKKYCTUHECKWIA
KapoTax

® Broadband acoustic
logging

® PacyeT ynpyro-npoYHOCTHbIX CBOMCTBA NOPOL,
e Calculation of elasticity and strength properties
® PacyeT reos1orvHecKmx HanpshkeHui B

TenemeTpus
Telemetry

® KOHTPO/Tb CKBAXKMHHBIX

yCoBUin BypeHmns

¢ Control over driling
borehole conditions
® /IHKnMHOMETPUS
* Directional survey
® [amma-KapoTax

® Gamma ray logging

OKOJIOCKBXKVHHOM MPOCTPaHCTBE
e Calculation of geological strains in the borehole
environment

® PacyeT yCTOMHYMBOCTY CTEHOK CKBaXKVIHBI

® Calculation of borehole wall stability

MHorocpyHkmoHansH | | PYC Honoto
bliA NpuGop CPS PDC
KapoTaxxa  BbicokoaddeKT1BHOE PDC Bit
COMNpPOTUB/IEHUI 6ypeHme NPSiMbIX 1 o MuH.
Multifunctional HaKIOHHO-HaMPaBEHHbIX peicos
. i Y4acTKOB o Min.
resistivity logging « Efficient driling of straight NS
tool and directional sections R
Makc.

o Kortpons 3L * OchheKTnBHAS OUMCTKA ven

CTBO/Ia CKBaXKMHbI « Max WP
* ECD control o Effective wellbore oy
* Y[IerbHOE B/IEKTPIYECKO. cleaning C”paB"T

L]

COMpOTUBEHME * BO3MOXHOCTH 06PaTHON ontro
o Specific electric resistance npopaboTku
* 3atpy6HOE AaBneHe  Possibility of back
o Annulus pressure reaming
® [aMMa-KapoTax
e Gamma ray logging

PucyHok 14. HanonHenne KHBK npnéopamu MWD / LWD

Figure 14. Equipping BHA with MWD/LWD Tools

MHOFOMYHKLMOHA TbHbIE MPUOOPBI KApOTavKa HENTPOHHOM
NOPWUCTOCTW, MNIOTHOCTW, UMULPKEN COMNPOTUBIIEHUN B
COYETaHUM C POTOPHLIMUY YIPaBASEMbIMU CUCTEMaMU

n ponotamu PDC. MNMprMeHEHbI HECKOIBKO HOBbIX
TEXHOOMIN USMEPEHUIN N KapOoTavka B MPOLIECCE
OypeHrs, cpeam KOTOPbIX HOBOE MOKOJIEHVE MPUOOPOB
TENEMETPUM 1 MPUBOPBI KapoTaXka N1acTOBbIX AaBNEHN
Obl/I NCMONB30BaHbI BMNEPBbIE HA MPOEKTAaX MATEPUKOBOWN
YacTtn Poccun.

MprbOopbI yCNeLHO CrnpaBuNCh C MOCTaBEHHbIMY

3apadamun. Huke npmBoauTCs CrMCOK OCHOBHbIX

npeunmyLlecTs PYC B cpaBHeHun ¢ B3 Ha npumepe

MPOBYPEHHBIX CKBaDKUH:

v YnyuleHHasa anHammka paboTbl BYpUIbHOM KOMOHHDI
(oTcyTCTBME NPOBIEM C NEpPedaYeEn HArpPy3Kn
Ha JoM0TO);

v T1oBbILLEHHAS CKOPOCTb MPOXOOKN;

v YyuleHHas odncTka CTBoJa (HacToTa BpalleHns C
MUHUMYM 140 MUH-1);

v MeHblLe pUCKOB BOSHVKHOBEHUS MPUXBATOB
OYPUIBHON KOMTOHHbI;

v YydlLeHHOe Ka4ecTBO CTBOIA 3a CHET
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These devices have successfully coped with the

assigned tasks. Below is a list of the main advantages

of RSS in comparison with DDM, as exemplified by

drilled wells:

e Improved dynamics of drill string operations (no
problems with the load transfer to bit);

¢ |ncreased rate of penetration;

e Improved cleaning of borehole (rotating frequency
140 min-1 minimum);

e | ess risk of sticking the drill string;

¢ Improved quality of the borehole due to the
reduction of micro-tortuosity (successful descent of
production casing string);

e Time savings.

This article will continue in the March edition of
ROGTEC Magazine.

YMEHbLLEHNE MUKPOU3BUIMCTOCTY (YCNELLHbIA CryCcK
3KCMyaTaUyoOHHON 06CaaHON KOOHHbI);
v OKOHOMUSI BRPEMEHM.

C NPOa0/PKEHNEM JAHHOWM CTaThb Bbl CMOXETE O3HAKOMUTHCS
B MapToBckom Bbinycke ROGTEC 2016 roga.

www.rogtecmagazine.com
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