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New Achievementsin Multllateral
Drilling and Completions
In Western Siberia
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YacTtb 2 - Part 2

[TpoeKkTnpoBaHMe 1 CTPOUTENBCTBO CKBaXKMH ¢ BOB

Ha FKOpxaposckom HI'KM

Engineering and Construction of ERD Wells at the Yurkhar OGCF

3AO «/HBecTtreocepsuc» Tyktapos damump Xatunoswd, FeHepanbHbIi AUPEKTOP;
3AO «/HBecTreocepsyic» M'ynos ApTyp Pusanesuy, [MpekTop AenapTameHTa vHKeHepun;

OAO «HOBATSK>» mebos EBreHvii Bnagmmnposuy, 3amectutens AMpeKTopa AenaptameHTa no
TexHonorum enaptaMmeHTa CKBaXKUHHbIX TEXHOMOMI 1 CyrnepBan3nHra,;

OAO «HOBATSK> LLIokapes ViBaH Banepuesiy, 3amectutens HadanbHYiKa ynpasieHus
CKB2XKVHHbBIX TEXHOMOMMI [enapTameHTa CKBaXKUHHbIX TEXHOMOMA 1 CyrnepBaiavHra;

000 «HOBAT3K-KOPXAPOBHE®TEIA3» Kypacos AnekcaHap BnagumypoBud, 3amecTutenb
reHepasibHOro AVPEKTopa Mo BYPEHNIKO, HaYaUTbHUK YMPaBaeHus no 6ypeHuio.

370 BTOpas 4acTb AaHHOW cTaTbu. [epBas yacTb cTaTbu
onybnvnkoBaHa B XypHane ROGTEC, Bbinyck 43

Pacteop

PacTtBop Ha yrnesogopoaHon ocHoee (PYO) oaBHo

1 ycreLHo ncnonbayetcs Ha KOpxapoeckoM HITKM,
CTPOWTENBCTBO paccMaTpPUBaEMbIX CKBaXKWH HE CTas1o
VNCKITIOYEHMEM. HVDKe NpMBOANTCH CMMCOK NMPENMYLLLECTB,
no3sosvBLLNX PYO B CBOE BPEMSI BbITECHNTb
TPaaMLUMOHHbIE A1 AHHOIO PernoHa CUCTEMbI BYPOBbIX
pacTBOPOB:

® Bbicokas CTabuibHOCTb CTBOMA;

e KayeCTBEHHOE NEPBUYHOE BCKPbLITUE;

e [lpenoTBpaLLleHre auddepeHLmaIbHbIX MPYUXBATOB;

o CHWKeHMe KoshdpuLIMEHTa TREHUS;

e [loBblLLEHNE HAOEXHOCTU PaboTbl anemeHToB KHBK.

Ho Mpn 3TOM MNPV CTPOUTESTIbCTBE pacCMaTpmBacMbIX

CKBaXXVH MPUMEHSIIaCk HoBas cucTtema BypoBoro
pacTtBopa Ha yrnesogopoaHown ocHoee (PYO), oaHHas
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CJSC “Investgeoservice” Damir Tuktarov, General Director;
CJSC “Investgeoservice” Artur Gulov, Director of Drilling Engineering Department;

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.

This is the second part of this article. The first part ran in
ROGTEC Issue 43

Drilling Mud

Oil-based mud (OBM) was successfully used at
the Yurkhar OGCF as well as within the wells being
considered in this article. Below is the list of their
advantages, which enabled the re-placement of
traditional, regional, drilling-mud systems with OBM:
High wellbore stability

High-quality initial penetration

Prevention of differential sticking

Friction ratio reduction

Improved reliability of the BHA components.

But, at the same time, a new oil-based drilling-
mud (OBM) system was applied to the wells under
consideration; this system provided superior
performance allowing the successful conclu-sion of
drilling program.
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DRILLING W

cucTeMa obecrnednna NPeBOCXOAHbIe XapaKTePUCTUIKA
BypeHns, NO3BOIMBLLIME YCMELLHO 3aBepLINTL BypeHme

As the classic oil-based mud has the rheological
properties that take on a wide range of values under

CKBa>KVH.

Tak Kak KJlaCCUYECKNIA PacTBOP Ha YrIeBOAOPOAHON
OCHOBE 00/182€ET PEOSTOMMHECKMMM XapaKTEPUCTUKaMW,
KOTOPbIE MPUHMMALOT LUNPOKMIA AMana3oH 3HaYEHN
Mpwv pasnyHbIX TemMnepaTypax, To, ClefoBaTesbHO,
SKBMBAJIEHTHAS LMPKYISLMOHHASA MIOTHOCTb (SLUMT)
Takke byaeT obnagatb 601ee LNPOKUM Anana3oHOM
3HaueHun. MosToMy B peLenType CrUCTeMbl BypOBOro
pacTBopa 6bI MPUMEHEHBI HOBbLIE XUMUYECKE
peareHTbl, KOTOpble MO3BOVN O0OUTLCA Boee
NJIOCKOro MPOMUNS PEOSTIOMMHECKNX XapPaKTEPUCTNK
BypoBoro pacteopa. Pactsop, obnagaroLLmm

TaKMU XapakKTepuncTkamMm, no3Bosini npon3BoanTb
CTPOUTENBCTBO CKBAXKMNHbBI B CIIOXKHBIX FOPHO-
reos1orn4ecknx ycnoBusx. OCHOBHbIMU U3MEHEHVSMU B
peLenType SBNSETCS MCMOb30BaHNE pa3paboTaHHOro
nakeTa aMybratopoB 1 HOBOrO MogmndurkaTopa
pPeosI0rmm, 06ECNEYMBAIOLLIMX MHEPTHOCTL POCTa
PEOIOMM C MOHVDKEHNEM TEMMEPATYPbI.

Ha ocHoBaHuM VIMEIOLLIErOC4H OornblTa 1 MPOEKTHbIX AaHHbIX
Onst besaBapunHom NpoBoak ERD ckBaXXMH Oblv
rnocTaB/ieHbl Lies:

OCHOBHbIM OCOMXHEHNEM MPK
CTPOUTENBCTBE CKBaXKMHbI B
WNHTepBaUsie aKCnyaTaumoH-
HOW U NOTaNHOW KOJIOHH
ABNSETCS HECTAOUBHOCTD
CTBOJ1a CKB2XXMHbI B IHTEPBas1e
[OKYPCKOWM CBUTbI 1 KPOBIA
NPOOYKTUBHBIX N1aCTOB

rpynnbl BY, a Takxe puck
MOrIoLLEHNST BYpPOBOro pac- —
TBOpA. [epen NpoBeaeHNEM
paboT Bblaa NOCTPoeHa

MOAESb MPOMbIBKM CKBEXKWHbI

C MOMOLLBIO MNOPABINHECKIMX
pac4eToB B CrneLvanibHOM
nporpamMMHOM nakeTe (rpadmkim
Ne1-3, pacyeTbl yKadaHbl /15

MNooaeprkarme LM B 6e30MacHOM KOPUAOPE 3HAYEHWI;
MWHUMM3MPOBATL PUCKM OCbINe/06BanoB
HeCcTabuUbHbIX NHTEPBAIOB, PUCK AnddepeH-
LpManbHOro NpUxBaTa, PUCK MOrIOLEHVS B
BbICOKOMPOHMLI@EMbIX MiacTax;

[OBbICUTL KAYEeCTBO OUYMCTKW CTBOJ1a CKBaXKUHbI OT
BbIOYPEHHOM Nopoab! B

different temperature conditions, thus the equivalent
circulating density (ECD) will also take on a wider range
of values. For this reason, the new chemicals were added
into the mud composition to enable a more stable profile
of rheological properties of the driling mud. The mud,
with these properties, allowed the wells to be drilled
under complicated geological conditions. The major
modifications of the mud’s composition included the use
of a developed set of emulsifiers and a new rheology-
modifier to ensure the stable growth of rheological
properties through the temperature reduction range.
Based on the past experience and project data, the
following goals were set to provide a trouble-free ERD well
drilling program:
e Keeping the ECD within a safe operating range
e Minimizing the risks of collapses in non-stable sections,
the differential sticking risk, and the risk of mud loss in
highly permeable formations
e Improving the quality of wellbore cleanout and removal
of drill cuttings from the upper sections
¢ Minimizing the risks of mud loss while casing the wellbore
¢ Reducing the friction ratio

Whilst constructing the section for production-casing

and the tie-back strings, the main complications related

to the wellbore’s instability in the Pokur suite and top of
BU-group formations, as well as to the risks of drilling mud
loss. Prior to execution, a well cleanout model was built
using the hydraulic calculations carried out with a special
software package (charts No. 1-3, calculations relate

BEPXHVX NHTEPBasax;
MWHVMN3NPOBATL PUCKM
MOrNOLLEHMS MPU KPEMNEHNN
CKBa>KVHbI;

CH131Tb KO3DPULMEHT TPEHMS.

= 1,39 r/cm?®

R mgtl n§=T18

R il L o

il

AR IARRiR
iRl
g,

7
'!
i
g
'

ARy

]
e ] ] [ e R e

I

(11
FZ
I

paduk 1. MmopaBnmyeckme pacy&Tbl Npr BypeHun cekummn 311mm.
MapameTpbl BypoBoro pacteopa a4 pacyeta: PV=34, YP=20, CHC=20/35,
R6/3=13/12, YB=73/27. Kputnuyeckas I = 1,45 r/cm®. PacueTtHoe SLUIM

Chart 1. Hydraulic Calculations for Drilling of 311mm Section
Drilling-mud parameters for calculation: PV=34, YP=20, GS=20/35, R6/3=13/12,
MW=73/27 Critical ECD = 1.45 g/cm?. Estimated ECD = 1.39 g/cm?

www.rogtecmagazine.com
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B BYPEHVE

CeKUMM Mof, SKCMJTyaTaumMoHHYO
KOJTOHHY, aHaNOrNYHbIe pacHeThbl

Hols.&igening

MPOV3BOANINCH AN KOKO0M
CeKUWMK), No4, MaKCUMasibHO

o Hoin Cinasing

OonycTumMoe 3HadeHmne SLIM =
noadupancb onTMasbHbIe B
peosornyeckme napameTpbl @ = e e
—- b e — P —
pacTBopa 1 pexxMbl BypeHns, 13 € 050, —~——F7F = - e
rpadonkoB BUOHO, YTO pacyeTHOe ﬁ I _‘ e 1] "‘. =
OUIM He BblILle NpeaensHo ® . B i =Em
[0onycTUMOro (MpeagnbHO L2 T ' i) = _“3“"- = : 15
ponyctumoe IUMM-1,45r/cmd). I T
Viery Good Hole Classing

Mpwn 06HOBNEHNN oo i ! . :
reOMexXaHN4YECKOM Moaent 2 i . T R ke - R

Flaas: Ficda Al—li=i
B PEXUME PeasibHOro
BPEMEHUMPOU3BOAUSIOCH Mpadurk 2. 3aBUCUMOCTb MHOEKCA OYNCTKM OT na3meHeHnss MCI n
YTOYHEHMEe JaHHbIX Npenenos NPOU3BOANTENIBHOCTW HAcOCOB (019 cekupm 311Mm)
rpaaveHTa gaBneHust 6ypoBoro Chart 2. Decontamination Index Correspondence to the IWP Changes and Pump
pacTBopa B CKBaKVHE, Npu Displacements (for 311 mm section)

KOTOPOM ByOeT coxpaHeHa

CTabuIbHOCTb, Kak CO CTOPOHb! T P M Y <
0BpPYLLIEHWIA, TaK 1 CO CTOPOHbI = l-- = ™ T s |
rmopopaspbiBa nnacra. A o =
TaKKe, He ByOeT NPOVCXOaUTh [ 3
NPOoSIBNIEHMS NS1ACTOBOroO : o sl [ 4y
donga B ckBaxXnHy. C TOUKMK
3pEHUS YCTONYMBOCTU CTBOA ;
CKBaXKMHbI MaHOBble a3nMyThl .
BypeHns He SBNANNCE CambIMU T |
6esonacHbiMU. [oaTomy A4
obecnedveHnsa 6e3aBapUNHOCTU
NPOBOOKN CKBaXKWH : :
TpeboBaMCb AOMNONHUTESbHbBIE - Bl - | ll| 5 1 o
peLueHus, obecnedvsaloLLe ' L1 11 j 4 e 1S
npuemnemMble 3HaueHus =k =3 = il R R e
9KBMBAJIEHTHOM Mpaduk 3. MMopasMyecKkne pacHeThl MPOMbIBKI NOCE Crycka 245MM 06caaHON
LUMPKYNIALMOHHOW NIOTHOCTH KOJTOHHbI (Mepep, LeMeHTUpOoBaHVeM). Peoniorvs niaHnpyemMo cHkeHa no PV=30,
npw GypeHuu. YP=12, CHC=10/18. Temnepatypa 6ypoBoro pactsopa 50 °C

5 Chart 3. Hydraulic Calculations on the Washing Out after Descending of 245 mm
MOCTOSHHbI KOHTPOTb Casing String (prior to cementing). The rheology reduced in a planned manner up to

SKBUBANEHTHOW LIMPKYNALMOHHON  p\/=30, YP=12, and GS=10/18. The driling mud temperature is 50°C

nAoTHOCTU (L), KOHTPOSIb

PEOSIOMNYECKIX NapaMeTPOB
OypOBOro pacTeopa,

aKTyanmsaums 1 nepepacyéTbl ckopocTen CINO

1N PEXMMOB BYPEHNS/MPOMbIBOK/MPOPaboToK Ha
OCHOBaHW pekoMeHgaum reoMexaHKoB No3BOJININ
MPOU3BECTN CTPOUTENBCTBO CKBaXKMHBI B C/TOXHbBIX
FOPHO-rE0IOTNYECKIX YCITOBUSX, TPEBYHOLLMX
HEYKOCHUTESIbHOrO COOMOEHMS BCEX MApaMeTPOB B
“Yy3KOM OKHE” OOMYCTUMbIX 3Ha4YeHUM. [TpMeHeHne
FEOMEXaHVKM B PEASTBHOM BPEMEHN TaKXXe MO3BOJSINIIO
onepaTyBHO MPOU3BOAUTL 06PaboTKM BYPOBOro
pacTBopa AJ/19 onTUMM3aLM NapaMeTPOB

OypoBOro pacTeopa.
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to the sections below the operational string, and similar
calculations were per-formed for each of the sections),
as well as the rheological properties of drilling mud and
modes were matched to the maximum allowed value of
the ECD: it is apparent from the charts that the estimated
ECD is not above the maximum allowed value (the
maximum allowed ECD is 1.45 g/cm?).

During the real-time upgrade of the geotechnical model,
the data was refined with the drill-ing-mud pressure
gradient constrains, under which the wellbore stability
will be protected from both collapses and fracturing, as

www.rogtecmagazine.com



EXPLORATION W

B cnyvae nprsHakoB HECTabWUIBHOCTY CTBOS1A
CKBaKMHbI (CKa4KM OaBeHnsl, POCT KPYTSLLErO
MOMEHTa/HePaBHOMEPHOCTbL BpaLleHns BK, yBennyerHus
BECA NHCTPYMEHTA, BbIX0, 06BaNIbHOMO Li1ama Ha
cuTax) NPOn3BOOUIMCE OOMONHNTENBHBIE MPOMBIBKM

C MPOKaYKOM KONTbMaTVPYOLLMX Madek, a Takke
OrPaHNYEHNs MEX.CKOPOCTN MPOXOOKM U CKOPOCTU
OBVPKEHNS BYPUIBHOW KOMTOHHbBI MPY MPOMbIBKAX.

BbinoHeHMe gaHHbIX MEPONMPUATUN yaanoCh
6e3aBapuHO NPOBECTU CKBAXKWHbI B AAHHOW CEKLN.
LoBuUTbCs CHKEHNST OTOUNIBTPOBBIBAHVSA U1 CHU3UTb PUCK
MOrIOLLEHMS MO3BONNV TEXHOSIOTNYECKME OnepaLmm

MO NPOKaYKe KoNbMaTalMOHHbIX Madek. OnTUMabHbIN
PPaKLUMOHHBIA COCTaB KOSIbMaTaHTOB Bkl NogobpaH ¢
MOMOLLIbKO CREeUMaIbHOrO MPOrPaMMHOrO 06ecnedeHms
(rpadbvikm Ne 4-6). 113 rpadhnkoB BUOHO, YTO pacy&Thbl Mo
noadopy hpakLUMOHHOro cocTasa

well as from formation-fluid flow into the well. In terms of
well-bore stability, the planned drilling azimuths were not
the safest. Therefore, to ensure the trouble free operations
while drilling, additional factors are required in order to
provide the acceptable values of the equivalent circulating
density measured while drilling.

The continuous monitoring of the equivalent circulating
density (ECD) as well as the rheo-logical parameters of
the drilling mud, updated and recalculated tripping rates
and drill-ing/cleanout/reaming modes based on the
recommendations from the geomechanics engineers,
enabled the construction of well under the complicated
geological conditions requiring a strict ob-servance of all

the parameters within narrow range of allowed values.
Additionally, a real-time application and updating of the
geomechanics allows for the optimization of the drilling mud.

MOSTHOCTBIO COOTBETCTBYHOT ["_"_':'_“":ELH T T P l wamRama  Durtnaraakas oot o
MOJYHEHHBIM [JaHHbBIM 11 — — T —
MEePEeKPbLIBAIOT LENEBbIE 3HAYSHUS. : o D —

[ [ e | DT Dt BE ¢ md e
Moy ByPEHUM CKBaXKMH Ha = ! 'r/ P e g Y
tOpxaposckom HIKM Hanbonee ! 55 ' S . W an
3HAYUMBIMU KaK Mo YacToTe, Tak £ , |
1 No o6beMam MoTepb SBASIOTCS { “
NOMOLLEHNS MPY MPOMbIBKE i 2 l “ S
nepen LEMEHTUPOBAHNEM NNOO L | =
MPU LEMEHTVPOBaHNN 0B6CaaHOM i === ———
KOJTOHHbI. TV NOrOLLEHNS | B — S e | TSI B 2y

UMEIOT PAd, OCOBEHHOCTEN

Mo CPaBHEHWIO C YCOBUAMM
npouecca bypenns. Masnbi
KOMbLIEBOV 3a30p CYLLECTBEHHO
YBEIMUMBAET SKBUBAIEHTHYHO
UMPKYISLMOHHYHO MJIOTHOCTb W,
TaknMm 06pa3oM, YBeNMyMBaeTCs
BEPOATHOCTbL MapopaspbiBa

Mpadvk 4. Mopbop KonbmaTaHToB A niactoB BYO - BY 30.PekomeHayemblii
cocTaB KoJibMaTupytowler nadkn: CalciumCarbonate MEDIUM — 175kr/m® (70%);
CalciumCarbonate FINE — 75kr/m® (30%).

Chart 4. Selection of Colmatants for BTO - BT30 Formations. The recommended
composition of collimation pack is as follows: Calcium Carbonate MEDIUM —

175 kg/m?3 (70 per cent), and Calcium Carbonate FINE — 75 kg/m? (30 per cent)

nnacTta. [Mpu CnyLIEHHON
0BCcaaHOWN KOMOHHE MEPONMPUSATUS
no JIMKBUOALMM NOrOLLEHMI BypOBOro pacTeopa
3aTpyaHeHbl. Mexxay TeM, MOrfOLLEHNS BEKYT HE TOJIbKO
notepu 6ypoBOro PacTBOPa, HO U CHMKAKOT BEPOATHOCTb
YCMELLUHOrO LIEMEHTUPOBAHNSA 06CaAHON KOTOHHBI.

OnHOWM 13 NPEBEHTUBHbBIX MEP MO CHYPKEHWIO
BEPOSTHOCTU MOTEPU LIMPKYNSLMM MPU KPEMIEHN

— NpuMeHeHne TexHonorum Integrated Borehole
Strengthening Solution (i-BOSS). [aHHas TexHom0mms
nogpasymeBaeT noadbop CreuvaMavpoBaHHbIX
KOMIbMaTaHTOB U MX KOHLIEHTPaLMIA Ha OCHOBE
3HaveHnn koadduumeHTa lNyaccoHa 1 mogyns KOHra.
[Mpy NPeBbILLIEHNM HAMPSKEHUI B FOPHbIX MOPOAaX
(BbI3BAHHbBIX AABAEHMEM LIMPKYISLMN BYPOBOro
pacTBOpa) Hafd 3HaYeHNEM ynpyron aedopmaumm
BO3HUKAIOT TPELLMHbI MUKPOrMapOpa3PbIBOB Nopodp.

www.rogtecmagazine.com

If there were signs of wellbore instability (pressure spikes,
increase of torque/uneven drillstring rotation, increased
weight on bit, and occurrence of caved cuttings on the
screens), the additional cleanouts with circulating bridging
agents were performed, as well as the penetration rate
and drillstring speed were subjected to limitations during
the cleanouts. These measures enabled a trouble-free
drilling of this section.

The technological operations on circulation of bridging
agents allowed the reduction of seepages and loss
risks. The optimal fractional composition of bridging
agents was blended with special software (charts No.
4-6). The chart shows that the calculations applied

to blend the fractional composition are in full
concordance with the data received and they

overlap the target values.

ROGTEC (13
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Mpaduk 5. MNonbop konbmaTaHToB g nnactos bY4 — BY70. PekomeHayembiin
cocTaB KosbMaTupytoLLen nadkm: Calcium Carbonate MEDIUM — 40kr/m® (20%),
Calcium Carbonate FINE — 160kr/m® (80%)
Chart 5. Selection of Colmatants for BT4 - BT70 Formations. The recommended

composition of collimation pack is as follows: Calcium Carbonate MEDIUM - 40 kg/m?
(20 per cent), Calcium Carbonate FINE — 160 kg/m? (80%)
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Mpaduk 6. MNonbop konbmataHToB A nnactos BY80 — BY83 (nokpbika BY80
npencras/ieHa «LWoKoaaHeIMu rvHamn», BY81, BY82, BY83 nnacTel, Haxoasuimecs
B pa3paboTke, CO CHYPKEHHBIM MIACTOBbIM AaBMEHNEM).PeEKOMEHOYEMbI COCTaB
konbmaTupytoLer nadkm: Calcium Carbonate MEDIUM — 140kr/m® (55%), Calcium
Carbonate FINE — 110kr/m® (45%)
Chart 6. Selection of Colmatants for BT80 - BT83 Formations (the cap over BT80
formation is represented by “chocolate clays”, BT81, BT82, and BT83 formations,
which are under development, have a reduced formation pressure). The recommended
composition of collimation pack is as follows: Calcium Carbonate MEDIUM

— 140 kg/m? (55 per cent), and Calcium Carbonate FINE — 110 kg/m?® (45%)

Mpy NpaBnIbHO NOACOBPAHHOM KOSIBMAaTUPYOLLEM
COCTaBe, TOT 3arno/IHAET COOOM TPELUMHbI 1 HE AAET UM
COMKHYTbCS PU CHATUM HaMPsKEHW. HanpshxeHHoe
COCTOSIHME FOPHBIX MOPO[, B TAKOM Crly4ae BbILLE, YEM
ObI10 40 NOSIBIEHNS TPELLMH. Kak crneacTeve, AaBneHne
rMaopopaspbiBa Nopos, CTaHOBUTCS BbILLE.

MNepen CnyckoM 0BCaaHON KOMTOHHBI B OTKPbLITOM
CTBOJIE NMPON3BOANIACE YCTaHOBKA KOSTbMaTURYOLLEN
nadku i-BOSS, Takoke 6bl1 nogobpaHbl onTMasibHble

14 [ ROGTEC

cementing.

While drilling the wells on

the Yurkhar OGCF, the most
significant by both frequency

and volume of losses was

the lost circulation from the
cleanouts performed before or
during the casing cementing.
This lost circulation has some
peculiarities compared to the
drilling conditions. The small
annular gap significantly increases
the equivalent circular density
and therefore, increases the
probability of fracturing. While

the casing string is lowered,

the drilling mud lost circulation
treatment is hindered. Meanwhile,
the lost circulation implies not only
the drilling mud loss, but it reduces
the likelihood of a successful
casing-string cement job.

One of the preventive measures
for reduction of lost circulation
probability when casing, is an
application of Integrated Borehole
Strengthening Solution (i-BOSS)
technology. This technology
implies the blending of special-
purpose bridging agents and
their compounds on a basis of
the Poisson’s ratio and Young'’s
modulus values. If the rock
stresses (caused by drilling mud
circulation pressure) exceed

the elastic deformation values,
the micro fractures appear in

the rock. In case of a properly
blended bridging agent, the agent
bridges across the fractures and
does not let them to close up
when the stresses have been
released. In such case, the rock
stresses become higher than they
were before the appearance of
fractures. As a result, the fracture
gradient pressure increases.

Before running the casing string into the open borehole,
an i-BOSS bridging agent was pumped and the optimal
formula of grouting mixtures (spacer and cement mortar)
were defined enabling the absence of losses during the

When drilling a section for the tie-back string and the liner,
a special-purpose lubricating additive was included to

www.rogtecmagazine.com



DRILLING

peLenTypbl TaMMOHaXK-HbIX
CcMecen (BydepHbIX »XXNMOKOCTEN
N LUIEMEHTHbIX PacTBOPOB), B
pesynbTare Yyero 4o6UINCh
OTCYTCTBWS MOM/IOLLEHWIA BO
BPEMS LIEeMEHTVPOBaHNSA.

B nHTepBanie 6ypeHus nof
MOTalHYHO KOJSTOHHY M MOA,
XBOCTOBMK Oblfa yCneLIHo
MNCNOJIb30BaHa creunansHas
cMagbiBatoLLasn Jobaska s
paCcTBOPOB Ha Yr1eBOA0POOHON
OCHoBE. [prmeHeHNe
JaHHOW 0o6aBKM NO3BOIIO
3HAYUTENTBHO CHU3UTL
KOSMMMULIMEHT TPEHNS, STO
NMOATBEPXKAAETCS CHIKEHNEM
KPYTSLLErO MOMEHTA (CM.
PucyHkn 15.A -15.6 -
CKB.1-A 1 3-A), ynyylieHnem
PaBHOMEPHOCTY BpaLLEHNS
BK, CHWKeHeM ypoBHSA
BMOpaUUi, YBETNYEHNEM
MCTT 1 ynydweHmnem
JOXOXOEHUS Harpy3Kn Ha
nopoaopaspyLLatoLLAIA
NHCTRYMEHT.

OuncTtKa cTBOJ1a CKBAXKUHbI
OuncTKa CTBOJIA CKBEXKMHbI

BO BpeMsi BypeHNs CeKLIMN

MOf, XBOCTOBVK SIB/iIS/IaChb
Cepbe3HOW 3aaaqel B CBS3M

CO 3HAYUTESIbHBIM CHVDKEHNEM
PaCXOA0B MPOMbIBOYHOW
>KUAKOCTW, B CBOKO O4epeb
MCMNOJIb3YyEeMbIX 014 obecne4yeHns
6e3onacHbIX anana3oHoB SL[.
Lng nHTepBasia OTKPbITOro
CTBOJ1a COOTHOLLIEHWNE OMaMETPOB
VHCTPYMEHTA K AMaMeTpy CTBOA,
TOYHEE UX MOLLAaN CeHEHNS
(PHAR), cocTtaBnisifio 3Ha4veHne
2.34 v NS BEPXHUX 0B6CaKEHHBIX
WHTEPBAIOB BblLLIE NOTANHOMN
KOJIOHHbI 178 MM COCTaBnsAo
ananasoH ot 2.18 no 4.7
(Tabnmua Ne 2), pacxopn, 6ypoBoro
pacTBOPAa Ha NPOTSPKEHNN BCEN

cekumm 155.6 mm coctasnsn 600 n/MuH (160 ran/MuH)
(cM. PrcyHOK 16) npu 9TOM CKOPOCTK BOCXOASILLErO
MOTOKa NMPOMbBIBOYHOM »XUAKOCTY COCTaBASANM
3HaveHusa ot 20.2 0o 57 M/MuH (Tanmua Ne2). daHHble
YCIIOBUS YETKO OMUCHIBAIOT KAPTUHY OCJIOMHEHHOW
OYMCTKM CTBOMA CKBaXKMHbI B MHTEpBasiax “GosbLLIOro

www.rogtecmagazine.com
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PucyHok 15.A. OddhekT oT BBOAA cnevuyansHon cmaskm EMI-1017 ona PYO (cks.Ne
1-A, cekumsa 215.9mm)

Figure 15.A. Result of Adding EMI-1017 Special-Purpose Lubricant for OBM (well
No.1-A, 215.9 mm section)
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PucyHok 15.B. SddhexT oT BBOAa cneumanbHon cmaski EMI-1017 gns PYO (cks.Ne
3-A, cekums 215.9mm)

Figure 15.B. Result of Adding EMI-1017 Special-Purpose Lubricant for OBM (well
No.3-A, 215.9 mm section)

the oil-based mud, which was successfully applied. This
additive allowed for a significant reduction in the friction
ratio, which is confirmed by the reduction of torque (see
Figures 15.A - 15.B — No. 1-A and 3-A), an improvement
in the rotation of the drillstring, decrease in vibration,
increase of IWP, and improvement in application of the
weight on bit.
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CEopoTes TYPOMmHE TENEMETRI o 1 {
e P E'UI:EI:I Finds TFIW; “m;g:,,; P . ® me——— - - = Welll?ore Cleanout .
= : : = ~ : ' : I Cleaning the wellbore while

e - k. 3. ot &
Pacion M ranri CfopoTi a yoThe. ofifiwn

[/ % 100 150 200 %50 ] 50 100 189 00 250 dri||ing the liner section was

i ' _‘;E v, — amajor challenge because
|:__,HFM of the significant drop in fluid
) consumption, which in turn is
used, to ensure a safe range of
ECD. As regards to the open hole
section, the ratio between the tool
diameter and wellbore diameter,
or ra-ther between their cross-
| section areas (PHAR), was 2.34,
and for the upper cased sections
el . above the 178 mm tie-back string
- | it ranged from 2.18 to 4.7 (Table
| '| No. 2), the driling mud flow rate
throughout the whole 155.6 mm

i ' section was 600 I/min (160 gal/
gz00 4 ——— min) (see Figure 16), while the
| E— | upstream fluid speed ranged
B | "3 | from 20.2 to 57 m/min (Table No.

— | 2). These terms provide a clear
picture of a complicated cleanout
PucyHok 16. MapameTpbl pacxoga pacTBopa 1 060pOTOB pPOTOpa Ha MOBEPXHOCTH of wellbore in the «large-diameter»
BO BpemMs OypeHust cekumnis5.6 Mm sections, which is conditioned by
Figure 16. Mud Flow and Rotor Revolution Parameters while Driling 155.6 mm Section  the need to reduce the equivalent
circulating density ranges.

F100 2=

7200+

7300 <

7400+

7500

7800

TTO0 4

Dwplh jm)

TAGD 4

7800 1+

B0 +

B0 4

g0 +

B300 2

LLISTE o

anameTpa”, KoTopast Bbi3BaHa HEOOXOANMOCTbIO The development of a wellbore
CHWKEHVIS1 OMana3oHOB SKBMBASIEHTHOW LMPKYNSAUMOHHOW  Cleanout strategy, as well as the patient and precise ad-
MAOTHOCTU. herence to this strategy including; careful monitoring of
PaspaboTtka cTpaTtermm no O4NCTKE CTBOJ1A CKBaXKMHbI, the friction ratios in the wells compared to the flow-charts
OJIEMEHT KOMOHHbI Hapyx Ouam | Ouam ctBona | OnvHa m Fny6uHa no 3eHuTHbIN | CKopocTb Bocx | CooT-Hue | Pexxum notoka | Pacxop, MK
String Component MM MM Length, m CcTBOJTY, M yron, rpag, notoka avamv-s Flow Behavior J/mnH
Outer Diameter, Borehole Measured Depth, | Inclination, | Upstream Speed | Diameter Fluid
mm Diameter, mm m deg. Ratio Consumption,
I/min
KHBK 122,000 155,575 49,00 8495,00 86,80 78,7400 1,6200 | JlaMuHapHbIn 600.00
BHA Laminar
NamuHapHbIn
155,575 86,80 56,7773 2,3400 Laminar 600.00
CBT 101.6 mm T =
HWDP 101.6 mm 101,600 159,420 3685,00 8495,00 76,70 52,0886 23400 | TAHEPHEM | 600.00
74.06 20,1726 4,7000 | J1aMMHapHLIA 600.00
Laminar
220,497 n »
74,30 24,1787 3,0100 a"ﬁ:r:‘i“rf’a':""" 600.00
H(\;JVI:I_’I-)rP112277MnTm 127,000 2115,00 4761,30 -
74,00 23,5579 3,0600 | JTAMMHaPHEIR | g5 00
Laminar
222,377 _
73,40 28,8331 2,2000 | TlBMMHaPHBIA | 544 oo
CBT 149.3 um 149,225 2645,00 2645,94 e
HWDP 149.3 mm 220497 9.70 20,7686 2,1800 “a"g;"i‘:a':b"" 600.00

Tab.2 . CooTHOLLEHNE ONamMeTPOB BYpPUIIbHOrO NHCTPYMEHTA 1 CTBOJIA CKBaXKMHBI, pacnpeienieHne CKopocTen
BOCXOSLLEro NOTOKa MPOMbIBOYHON XXUAKOCTY BO BPeMst BypeHus cexkummn 155.6 Mm

Table 2. The Ratio of Drilling Tool Diameter to Bore Diameter and the Upstream Fluid Speed Distribution when Drilling in
1565.6 mm Section

16 | ROGTEC www.rogtecmagazine.com
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PucyHok 17. [JopoxxHble kapTbl BeCoB (bypeHve 155.6 Mm)
Figure 17. Weight Flow Charts (155.6 mm drilling)
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PucyHok 18. [JopoxxHasa kapTa BecoB npu nogbeme KHBK
Figure 18. Weight Flow Chart for Hoisting BHA

a Takxe TePrenMBoe 1 TOYHOE CedoBaHME OaHHOM
CTpaTerum, BHUMaTENbHOE CReXXeHe 3a TEHOEHLMUSMMN
TPEHNS B CKBEXKMHE HA OCHOBE AOPOXKHbBIX KAPT (CM.
PucyHkn 17 1 18), ncnonb3oBanne pacTBopa Ha
YrNeBoaopoa-HOM OCHOBE CO CrneLyasibHO NoaodbpaHHoOM
PELENTYPOn 1 CBOEBPEMEHHbBIE PEKOMEHOALIN B
NPO-LEecce BypeHnst 1 CnyCKO-NOOAbEMHbIX onepaunii
MO3BO/IVN YCMELLHO 3aBEPLUUNTL BypeHme ropu-
30HTasIbHbIX CEKLMIN 6E3 OCIOMHEHN, & TakXKe MPOBECTU
CrMyCK XBOCTOBVKa 6e3 BpalLeHVS Ha BCEX CKBaXKMHAX
NpoeKTa, HeCMOTP4A Ha 3Ha4YMTEeSIbHble BO3SMOXXHbIEe
npobsieMbl, CBA3aHHbIE C OYNCTKOWM CTBOJSA CKBAXKMHDI.

Peannzaums BbilleyKasaHHbIX MEpONPUATUN 1
TEXHOMOTNYECKNX PELLIEHW, HALIENEHHbIX Ha
MUHVMMM3aUMIO BO3MOXHbIX PUCKOB MPW CTPOUTESIbCTBE
CKBaXXWH, NMO3BOMM 6€3aBapuinHO NMPOn3BeCcTU
CTPOUTENBCTBO N AOBUTHCS COKPALLEHNS BPEMEHU.

KpensieHne o6cagHbIMU KOJIOHHaMM

[ns yenelwHoro cnycka akcniyaTaumoHHbIX 06caaHbIX
KOJTOHH Ha M1aHoBble MNy6UHbI TpeboBanoch
MPVBEYEHNE CaMblX COBPEMEHHbIX Pa3padoTok

B aTOM 0b6acTu. [NpeaBapuTesib-Hble pacHeTbl
nokasasu, 4To ycrex TPaanuUMOHHOIO CrycKka 3aBUCUT

www.rogtecmagazine.com

(see Figures 17 and 18), the use of oil-based mud with
specially blended formulas, and timely recommendations
provided during drilling and tripping operations, have
enabled a successful and trouble-free drilling of the
horizontal sections, as well as running the liner without
rotation in all the wells in the project through to the
possible and significant challenges related to the cleanout
of the wellbores.

Lining with Casing
The successful running of the production casing strings
to the planned depths required the implementation of the
most up-to-date solutions available in the industry. The
preliminary calculations suggested that the traditional
lowering modes can be successful, subject to numerous
factors such as the quality of wellbore (adherence to the
path, absence of doglegs), cleanouts of the drill cuttings,
and the use of centralizers. To facilitate the running of the
production string to a depth of 5626 m, the following set
of technological solutions were proposed at the planning
stage:
¢ Running the string with rotation and circulation — a
special device enables not only the spinning-up of
pipes, but also the rotation of pipes (with simultaneous
cleanout) when running is hampered

ROGTEC (17



B BYPEHVE

WA rasl

I aan Harpyusnen nasens

- W W W e [ i i [ =

s L]
fam .-.
£
+ | - + n

A BN L L G LM L e abk LW R @ @

=

e
[ R ———
[ L]
[ e
il fu rrea 11

e
1EmA] § s Sirriis

- B0 Ehi -
e
1 EREnd
!
S— | }
—p — -~ > -
- L dmrmp 21 g
P
- e I VR ol s A | e i
L] L i e m WO OGN EW pE W = M N e

R DO B

— i i m———

St wl T,

PucyHok 19.A. [narpamMmbl 13 onepaTvBHONO panopTa reOMexXaHU4YeCcKon Cryxobl
(ckB.N2 3-A, cekums 215.9mm)
Figure 19.A Charts from the Operation Report of the Geomechanics Team (well No.

3-A, 215.9 mm section)
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PucyHok 19.B. [narpammel 13 onepaTBHOIO panopTa reOMexXaHUYecKom CyXobl
(ckB.Ne 3-A, cekums 215.9mm)

Figure 19.B. Charts from the Operation Report of the Geomechanics Team (well No.
3-A, 215.9 mm section)

OT MHOTMX (DaKTOPOB, TaKMX Kak Ka4eCTBO CTBO/1A
CKBaXXWHbI (COBAKOOEHWE TPAEKTOPUM, OTCYTCTBUE
VHTEPBa/IOB PE3KOIro M3MEHEHWSI HarnpaBeHNs]
CKB2XXMHbI), O4YNCTKW CTBOMA OT BblIOYPEHHOIO Lunama
1 MPUMEHEHNs LieHTpaTopoB. 119 obneryeHns cnycka
3KCMyaTaLUMOHHOW KOSIOHHbI Ha ryounHy 5626 M Ha
CTagny NAaHMPOBaHWS Bbl MPEOIOKEH CAeayOLLIMNA
KOMMJIEKC TEXHOJIOTUHECKMX PELIEHWI:
e CnycK KOJIOHHbI C BpaLLEHNEM U LIMPKYNSUMEN —
crneuviasibHoe YCTPOWCTBO, MO3BONSET HE TOJSIbKO
CBVHYMBATL TPYObI, HO 1 0BecnedYnBaeT BpaLleHne * Rotatable

Low friction ratio

Chemically stable

18 [ ROGTEC

e Automated elevator and links

e Special composite casing-string
centralizers allowing the
significant friction reduction
whilst running the casing (to
0.15-0.20)

e TesTORK™ wireless system to
measure the torque and torsion
angles

¢ Pipes with premium threaded
junctions to ensure the running
of the 244.5 mm heavy casing
string with rotation

A hydraulically-activated device

is used to lower the casing string
with rotation (see Figure 20).
During the operation, the device
should be installed into the casing
pipe and packed off forming a
tight bond, which allows:

¢ Casing-pipe twisting

e String pulling and pushing
(reciprocating)

e String rotation

¢ Cleanout

e Combining the afore-mentioned
operations if required

A special composite centralizer
(see Figure 21) provides a
decreased friction ratio, when
contacting the borehole walls,
which considerably increases the
successfulness of running the
casing-string into the planned
ERD-wellbore bottom [10]. The
centralizer is made of a durable
material ensuring the proper
centralization of a casing string in
order to provide a high quality of
cementing operations. Its ellipsoid
shape enables smooth drilling in
the tight-spot and cutting-bed
sections.

The features of special centralizers are as follows:
Exploitable at temperatures from -40°C to +245°C

Easy to use — low weight

Usable for casing strings, liners, and filters

Ergonomic design facilitating the circulation of drilling
mud and cement mortar, and reducing the ECD thereby

www.rogtecmagazine.com
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(OBAHOBPEMEHHO C MPOMBIBKOW) =
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* ABTOMATV3MPOBaHHbIE LITPOMa
v anesarop;

* KOMMO3UTHbIE CMeLVaIbHbIE ]
LieHTpaTopbl obcagHom k
KOJIOHHbI, MO3BOSIAOLLIME e
3HaYNTENIbHO CHU3UTL TPEHNEe g b
npu cnycke (0o 0.15-0.20); )

e BecnpoBoaHasa cuctema
N3MEPEHNs KPYTALLIEro
MOMEHTA U YIOB MOBOPOTA

s

TesTORK™;
e [1ns obecnedeHmns crnycka
TahKenonm 244.5 mm obcagHowm
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OblV 3anaHMpPOBaHbl TPYOb!
C NpemMvasbHbIM Pe3b00BbIMN
COEOMHEHNSIMU.

215.9 mm section)

PucyHok 19.B. uarpammbl U3 onepaTyBHOroO panopTa reoMexaHn4ecKom Cry>kobl
(ckB.N2 3-A, cekupms 215.9mm)

Figure 19.C. Charts from Operation Report of Geomechanics Unit (well No. 3-A,
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CneuyanbHbIi KOMMNO3UTHbIN
ueHTpartop (cM. PucyHok
21) NMEET CHUMXKEHHbIV

KOS MUUNEHT TPEHUS NpK
KOHTaKTe CO CTEHKamm

PucyHok 19.T". [rarpamMmbl 13 onepaTyBHOMO panopTa reOMEXaHUHYECKOM CTy»XObl
(ckB.N2 3-A, cekums 215.9mm)

Figure 19.D. Charts from the Operation Report of the Geomechanics Team

(well No. 3-A, 215.9 mm section)

CKBaXXVMHbI, YTO MO3BONSET
3HAYUTENBHO YBENYUTD

BEPOATHOCTb YCMAELLIHOrO CMycka 0BCaaHOM KOSTOHHbI
00 MPOeKTHOro 3abos ckeaxkmHbl ¢ BOB[10].
LleHTpaTop N3roToBsEH N3 NPOYHOIrO MaTepuana,
obecneynBaoLLLEro XOPOLUYO LeHTpanmMsawumo
o6cafHoON KOMOHHbI A5t KAYECTBEHHbIX LLEMEHTHbIX
paboT. SnanncougHasa popmMa No3BoadeT 6e3
OCJI0’KHEHUI NPOXOAUTb MHTEPBasbl CYy>KeHUS CTBONA
1N CKOMMEHWI Wama.

www.rogtecmagazine.com

Overall 378 centralizers were placed into well No. 1-A, and
342 centralizers — into well No. 3-A.

The thorough preparation of the wellbore and the
application of the above-mentioned technologies enabled
a successful running of the 244.5 mm casing string. Besides,
as no rotation of the casing string was required whilst running
(see Figure 22 — Weight Chart during Descent), while the
hookload reserve was more than 100 tons.

ROGTEC (19
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PucyHok 20. Cuctema Cnycka O6caaHbix KonoHH(CCOK) —
CasingDriveSystem™.

Figure 20. Casing Running Tool — Casing Drive System™ (CDS)

XapakTepuCTUKM Crew,. LEHTPaTOPOB:

e Huskuin KoaOULIMEHT TPEHNS;

Vicnonbayetcs oT -40°C oo 245°C;

XUMUHECKN NHEPTHBIN;

Jlerkuin B MCNOMb30BaHW — Maslbil BEC;

VicnonbayeTtcs ona 06cagHOn KOMOHHbI, XBOCTOBMKOB,

PUNBLTPOB;

® SProHOMUWYHbBIN aM3aniH 0bAervyaeT NPOXOXKAeHe
BypOBOro 1 LIEMEHTHOIO PacTBOPOB M TEM CaMbIM
CHVDKaIOLLIMIA 3HaYeHns SLUIM;

e Mo>kHO BpaLlaTe.

B ckBaxmHy Ne 1-A 6b1710 cnyuleHo 378 LeHTPaTopos., B
CKkB.N2 3-A- 342 ueHTpartopa.

TuwaTenbHasg NOAroToOBKa CTBOJ1a CKBaXKUHbI U
NMPVIMEHEHNE TEXHOJIOT U, 03BYYEHHbIX BbILLIE, MO3BOIAMN

20 [ ROGTEC

The cement mixtures specifically designed for the Yurkhar
OGCF contained special-purpose additives which were
used during the ERD-well construction:

¢ To counteract the gas migration — gas blockers

e To prevent the cement loss — bridging agents

The special formula of spacers ensured an effective clean-

out of the oil-based mud, due to:

e Reduced interphase stresses

¢ |iquefied oil basis for the drilling mud

e Decreased viscosity ratio at the interphase boundary

e Modified wetting properties of the string and formation
surfaces - from hydrophobic to hydrophilic

The cementing of the
production strings of
the ERD wells was
performed in one
step with raising™*
DON'T LIKE THIS
TERM the cement to
the wellhead. While
preparing the string
centering design, it
was succeeded to
raise the eccentricity
ratio to over 80-85
per cent in the most
important sections
(target formation,
problem areas, and
drift angle buildup
sections) and to at
least 70 per cent in
the open-hole section. The absence of annular oil and
water production is an indication of the uniform distribution
of cement in the borehole annulus and the achievement
of the laboratory testing parameters of the cement’s
compressing strength.

Teno n3 TepmonnacTnka
Thermoplastic body

CTtonopHble KonbLa
Locking rings

PucyHok 21. CneupansHbin
KOMMO3UTHbBIV LLEHTPaTop

Figure 21. Special Composite
Centralizer

Special Equipment for the Tie-Back String and

for Running the Liner

A reaming shoe was applied to drill in the unstable clay

section whilst running the tie-back string (see Figure 23).

e This equipment includes a torpedo-shaped casing shoe
with a special hydraulic rotary drive;

e The calibrator-shoe provides the wellbore reaming whilst
running the casing string/liner with circulation, while the
string itself is not rotating.

A borehole swivel (see Figure 24) was successfully used to
descend the liner into the well No. 1-A.

e Significant increase in the application of load to the liner

(reduction of the so-called «buck-ling» effect — lowered
risk of tool jackknifing)

www.rogtecmagazine.com
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YCMELLHO CryCTUTb 244.5 MM 06CafHYI0 KOIOHHY. CkeaxuHa 373 cryck 245mm OK
MpK 3TOM CMYCK KOSIOHHBI He NOTPeb0BaUT BpaLLeHNs Descent of 245mm CS into Wellbore 373
0BcafHON KOMOHHBI (CM. PricyHOK 22 - rpadurik BECOB npwu o : SR S— . -
K. | — 5002 OPH 02 Ciyea
CryCKe), a 3anac Beca Ha Kptoke cocTtasnian 6onee 100 T. | —  ©5G030PHD 3 Cyen
— TSG04 0PHO A Gy
\ Bac mpi crveee

Mpwn cTponTensCTBE CkBavkH ¢ BOB 1cnonb3oBanch

TaMMOHaXKHbIE PACTBOPbI CreLmanbHO, pa3paboTaHHble

ans lOpxaposckoro HIKM, nmetoLpme B CBOEM COCTaBe

crneuyanbHble 4obaBku Ans:

e Bopbbbl C MUrpaLIMel rasa - rasob/10kaTopsbl;

e [lpenoTBpalleHns MOMIOLLEHNI LIEMEHTHOIO pacTeopa

- KOJIbMaTaHTbI.

CneupanbHble peLenTypbl OyhepHbIX XNOKOCTEN,

obecneunnn 3 eKTVBHbIN BbIMbIB pacTBOpa Ha

yrneBogopoaHoOn ocHose, 6aroaaps:

® CHKEHNIO MEXMAa3HbIX HAMPSPKEHNI;

o PasX/KEeHNIO MacsiHOM OCHOBbLI BYpOBOro PacTBOpa;

® CHVDKEHWIO OTHOLLIEHWNSI 3HAYEHNIA BA3KOCTU Ha rpaHunue
pasgena ags;

® VI3MEHEHMIO CMAYMBAEMOCTM NMOBEPXHOCTU KOJTOHHbI 1
nopodbl C r’MAPOdOBHON Ha TMAPODUIBHYHO;
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PucyHok 22. rpadmk Becos npu crnycke 245mm OK (ckB.1-A)

Figure 22. Weights Chart during 245 mm CS Descent
(Well No. 1-A)

e Descent of liner with rotation of the transportation string
e The liner itself is not rotating

Geo-Steering in the Target Horizon

Construction of these wells is complicated by an
availability of various geological ambigui-ties occasioned

. by insufficient information about structural and lithologic
Figure 23. Reaming Turbo Shoe fabrics. Deposits are represented by the discrete reservoir
sandy rock beds separated with the massive shale streaks
(see Figure 25).

PucyHok 23. MNpopabdaTbiBatoLLyin Typboballmak

LlemMeHTUpoBaHMe aKCnyaTalMOHHBIX KOJIOHH CKBavKIH

¢ BOB 6b1110 BbINO/IHEHO B OAHY CTYMEHb C MOAHATUEM
LIEMEHTHOrO pacTBopa A0 YCTbs. [py nogrotoske
An3anHa no LUEeHTPUPO-BaHNIO KOIOHH YAA/I0Ch OOOUTLCS
nokasatesien KoahduUeHTa SKCLEHTPUHYHOCTU Bonee
80-85% B Hanboee BaXKHbIX MHTEpBaNax (MpoayKTUBHbINA
naacT, NPobIEMHbIE 30HbI,

NHTEPBasIbl UHTEHCUBHOIO Habopa

As the deposits are localized at a deep depth, there is
uncertainty regarding the position of productive bed
boundaries. If the horizontal ERD wells are significantly
remote from the drilled exploration wells, an uncertainty
appears in behavior of structure, which can be

napameTpOB KPUBU3HbI) 11 He MeHee W VL SRS SN GH S B e W
70% B MHTEpBaU1e OTKPbLITOrO o - PRI ES O

0 S S S -
CTBONA CKBavKMHbI. OTCYTCTBYIE I’

MEXKOJTOHHbIX YTIEeBOA0ROAHbBIX
1 BOZHBIX MPOSBIEHWA rOBOPUT
0 TOM, YTO LIEMEHTHbIA KaMeHb
B 3aKOJIOHHOM MPOCTPaHCTBE
pPaBHOMEPHO pacrpene/nIcs

1 [OCTUI TaBOPaTOPHbIX 5 . ] .
3HAYEHII MPOYHOCTU Ha CKATUE. PucyHok 24. CkBaxknHHbIN BepT/or Swivel Master  Figure 24. Swivel Master
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B BYPEHVE

CneunannanpoBaHHas
ocHacTKa [OJ19 noTanHowm
KOJIOHHbI 1 CrycKa
XBOCTOBMKA

[ns NpoxoXaeHus nHTepeana

HEeCTabUNbHbIX FH npn

CMnyCKe NOTanHOWM KOMOHHbI C-

noJib30BasICsl NpopabaTbiBatOLLINIA

Bawmak (cm. PrcyHok 23).

e ObopynoBaHMe NPeacTaBnaeT
cobon npopadaTbiBaKOLLANA
TopnenoobpasHhblin Galimak
06caJHOWN KOSIOHHbI CO
crneuyasibHbIM rnapaBsiHeCKMM
MPVBOLAOM BpaLLEHVS.

¢ ballimak-kanmbpartop

obecneumBatoLLMiA NPOPaABOTKY  PucyHok 25. Mpochiib CKBAXKVHBI Ha CENCMUYECKOM Pa3pese G BblAeNeHHbIMM

CTBOJ1a CKB2XKUHbI Mpu Crycke
ob6cagHoM KONMOHHbI/
XBOCTOBWIKa NMpu rnogade
LUMPKYSLMK Yepes Hero, cama
KOJIOHHa npn 3TOM He
BpaLlaeTcs

® 3HaunTeNbHO YBEeNMUMBaET

Le/1EBbIMU MHTEPBaNaMI (XKesTbIN), FINHUCTBIE MEXXMIACTOBbIE NEPEMbBIHKM (CEPbIN).
Lincbpbl BOOb TpaekTopum 0603Ha4ar0T ryouHy B MeTPax no CTBOJY, Yepes
3anaTyto FOPU30OHTasTbHbIA OTXO[, OT YCThs CKBaKVHbI B METpax

Figure 25. Wellbore Profile at the Seismic Cross-Section with the Highlighted Target
Intervals (in yellow) and Interstratal Shale Streaks (in gray). The figures along the well path
are indicating of bore depth in meters and, separated with comma, of horizontal step-
out distance from the wellhead in meters

0OBedeHne Harpyskun Ha
XBOCTOBUK (CHV>KEHME T.H.
«buckling» adydekTa — yMeHbLLIAET PUCK CKladblBaHWA
WHCTPYMeEHTa).

e Cnyck XBOCTOBWKA C BpaLLEHMEM TPaHCMOPTHOW
KOJIOHHbI.

e Cam XBOCTOBUK MpY 3TOM HE BpaLLaeTCs.

FeoHaBurauus B LLESIEBOM rOPU3OHTE
CTponTeNbCTBO TaKNX CKBAXKMH OCTTOXKHSIETCS HANTMHMEM
MHOXXECTBA re0/IOMMYECKNX HEONPEeaeIEHHOCTEN,
BbI3BaHHbIX OTCYTCTBMEM [OCTATOYHOM MHOpMaLMN

O CTPYKTYPHOM W IMTOSIOMMYECKOM CTPOEHUN. 3anexm
npeacTaBeHbl Pa3obLLEHHbIMM NacTaMu NeCHaHbIX
MOPOA-KOIEKTOPOB, Pa3fefieHHbIMN MaCCUBHBIMM
FVHUCTbIMW NepeMbIdKamin (CM. PUcyHok 25).

C y4eTOM NoKanM3aLmm 3anexemn Ha 3Ha4YnTeNIbHON
ryOuHE BO3HVIKAET TakKe HEOMPEOEIEHHOCTb
MOIOXKEHNS FPaHULL MPOAYKTUBHbIX M1acToB. [pw
3HAYUTETBHOM YOANIEHUM FOPU30HTasTbHLIX CKBaXXKMH BOB
OT NPOBYPEHHBIX Pas3BefOYHbIX CKBaXKMH, BOSHMKAET
HeonpeaeeHHOCTb B MOBEAEHUM CTPYKTYPbI, KOTOpas
MOXXET ObITb Bbl3BaHa JIOKaSTbHbIMU CTRYKTYPHBIMU WA
cTpaTurpadn4ecknMm npoLieccamm. HeobxoanmocTb
MPVIBSA3KN K CTpaTuUrpauyeckMm Mapkepam npu
OypeHunn ckaxkuH BOB 0cobeHHO akTyasnbHa, B

CBSI3M C YBEJINHYEHEM BEPOSTHOW HAKOMIEHHOW
MOrPELLIHOCTM 3aMEPOB UHKIMHOMETPUN (T.H. 3/1711MC
HeonpeaeneHHOCTY), KOTopas MOXKET COCTaBIATh
OECATKM METPOB MO BERTUKAM OJ151 CKBaXKMH Takom
KOHCTPYKLLMN.
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conditioned by the local structural or stratigraphic
processes. When drilling the ERD wells, the need for
reference to stratigraphic markers is particularly topical
because of increase of the probable aggregate errors in
the MWD inclination measurements (so-called ellipse of
errors), which can total tens of meters for such wells.
Under the specified conditions, it seems to be insufficient
to provide the simple geometric approach and there is a
need for application of the comprehensive approach to
the well-drilling operations, which requires a use of the full
range of geo-steering techniques. Application of full set of
surveys for geo-steering during the multiple intersection
proved its relevance during the construction of record
ERD-wells in the mainland Russia.

For optimal placement of horizontal bore of the extended-
reach wells on the Yurkhar field, a set of logs was used
when drilling (a gamma-ray logging, resistivity, density
and neutron porosity), which enabled a reliable real-time
assessment of the porosity and permeability properties
(PPP) of penetrated section. Thereby, it succeeded to
optimize the costs by elimination of a need for repeated
geophysical surveys in the open wellbore after drilling,
which also reduced the risk of complications associated
with the stability of wellbore rocks during the overwriting.
The assessment of structural features was carried out
on a basis of interpretation of azimuthal measurements
(density image).

The target production horizon is associated with the
sediments of the Valanzhin OGC of the Tangalov suite.
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B ykazaHHbIX yCnoBusx
NPOCTON FEOMETPUHECKII
noaxon K 6ypeHno CKBaXKUH
HegoCTaTo4YeH, HEOBX0ONMO
NPUMEHEHNE KOMMIEKCHOIO
noaxoaa K NpoLeccy NPOBOOKN
CKB&XXVH, MPeayCcMaTpUBatoLLEro
CMNOJIb30BaHKE NOJIHOIO ey
CMeKTpa METO00B reoHaBUraLn.
[MprMeHeHe NosIHoMacLLTabHOro
KOMMJIEKCA UCCNeA0BaHNN B
npoLEecce recHaBUraLmm npu
MHOMOM1IaCTOBOM MepeceHeHnn
[0Ka3as10 CBOK aKTyallbHOCTb
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B NPOLIECCe CTPOUTEbCTBA
PEKOPOHbIX CKBaXKMH C DOMbLLIVM
OTXO[OM OT BEPTUKaN B
npenenax MaTepuKoBO YacTn
Poccun.
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PucyHok 26. OnTMmmnampoBaHHbin npodunb ckBakHbl BOB ¢ pacnpeaeneHmnem

ceoncTtB 'K no paspesy. Ha nnaHweTe npenctasaeHbl AaHHble kapoTaka (real-time),

[ns onTManbHOro pasMeLLLeHNs
rOpW30oHTaNbHOro CTBOA
CKB2XXVH C BOMNbLIMM OTXOO0OM Ha
HOpXapoBCKOM MECTOPOXAEHMN

a TaKkKe UMUK NIOTHOCTU 1 Pe3ybTaTbl €ro NHTepnpeTaLmm
Figure 26. Optimized ERD Wellbore Profile with Distribution of GR Properties throughout
the Section. The tablet represents the (real-time) logging data as well as the density
image and its interpretation results

ObI/T UICNOIB30BAH KOMIMIEKC
KapoTaka BO BpemMsl OypeHns
(raMma KapoTaxK, CONMPOTUBIIEHME, MSTIOTHOCTb Y
HEUTPOHHAsA MOPUCTOCTb), MO3BOMAOLLNIA B pe-

XKVME PeasibHOrO BPEMEH BbIMOIHATL HAOEXKHYIO
OLEHKY (DUNbTPaUMOHHOEMKOCTHBIX cBOVCTB (PEC)
BCKPbIBAEMOrO pagpesa. Tak1m 06pasoM, YAaioCh
006UTLCH ONTUMM3aUMK 3aTPaT NOCPEeaCTBOM
NCKITKOYEHNS HEOOXOAMMOCTY MOBTOPHOMO MPOBEAEHNS
reousnNHECKIX NCCNEeO0BaHUM B OTKPbITOM CTBOJIE
nocne BypeHus, YTO TakKe CHU3UIO PUCKM OCIIOMHEHNIA
CBS3aHHbIX CO CTabWUTbHOCTHIO MOPOA, CTBOJIA CKBaKVHDI
npw nepesanmncn. OueHKa CTPYKTYPHOMO 3aUieraHiid BO
Bpems BypeHIst MPOn3BOAMIaCH HA OCHOBE VHTEPMPETaLMN
a3VMyTasTbHbIX USMEPEHU (UMUK MAOTHOCTW).

LleneBon NpoayKTUBHBIA FOPU30OHT, CBA3aH C
oTnoxeHnamn BanarxuHckoro HIMK TaHranosckom
cBuTbl. CBUTa COCTOUT U3 YepeaoBaHns ClI0EB
NeCYaHNKOB, aneBpPOUTOB 1 aprnMToB. [ns 3agayn
MHOrOM1IaCTOBOro NepeceqeHns MpoayKTUBHbBIX
WMHTEPBAa/IOB NOPU30HTasIbHOM CEKLIMK, BblpaboTaHa
onTyManbHas CTpaTers NPOBOOKM CTBOA CKBAXKMHBI,
KOTOpas 3ak/oyanack B 601ee PE3KOM MPOXOXKAEHMN
FVHACTBIX MEPEMBIYEK W 30H MINHU3AUMM MEXOY
NPOAYKTUBHbLIMW MHTEPBaaMu 1 MocneaytoLLee
BbINOM@KMBAHME B MHTEPBANAX HAWUIYYLLINX
KOJINEKTOPCKMX CBOMCTB. [TOMMMO reonornyeckmx 3agad
OaHHas cTpaTternst onTUMU3MpoBasia MPOgUIIbL CKBaXKMHBI
0151 CHYDKEHWNS PUCKOB CBA3aHHbLIX CO CTabUIbHOCTHIO
FMHUCTbIX MOPOM, KOTOPbIE MO NPUBECTU K
TEXHOSIOMNYECKM OCTTIOXHEHMSM.

www.rogtecmagazine.com

The suite consists of the alternating beds of sandstone,
siltstone and mudstone. An optimal wellbore drilling
strategy was developed to solve the multiple productive
for-mation intersection task, which implies a more abrupt
drilling in the shale streaks and shale-out zones between
the productive sections, as well as the subsequent landing
in the sections of the best reservoir properties. Beside

of the geological challenges, this strategy optimized the
wellbore profile in order to reduce the risks associated
with the clay rock stability, which could lead to the
technological complications.

Continuous correlation of the drilled section and definition
of the wellbore position relative to stratigraphic markers
were carried out on a basis of the incoming real-time

GIS data (GR log, electrical resistivity, neutron density
log). In accordance with the density image interpretation,
the local bedding angles were defined enabling the
refinement of structural model. This set of studies
proved its effectiveness for such structure of deposit,
especially when penetrating the shale streaks between
productive sections, the contrasted density allowed the
assessment of bedding angles with a high confidence.
The information on structural bedding allowed the
calculation of stratigraphic thickness of penetrating
beds and the forecast of its changes in the azimuth

of drilling. This set of information enabled the timely
adjustments to the planned path when drilling, which
allowed the optimization of profile for both execution
of geological tasks and reduction of technological risks
(see Figure 26).
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Ha ocHoBe paHHbIx G,
MOCTYMNAOLLMX B PEXMME
peanbHoro Bpemenn (MK, YOC,
HEUTPOHHO-MIOTHOCTHOM
KapoTaxK), MPOM3BOAMIACH
HenpepbIBHAs KOpPPENALUS
paspesa ¢ NPobypPEHHbIMN
CKBaKVHaMW 1 onpeaeneHne

MOIOXEHNS CTBOJIA CKBaXKUHbI |EESEEEEET S ——

OTHOCUTENBbHO CTPaTU-
rpadHecKnx MapKepoB.

Mo gaHHbIM MHTepnPeTaLmmn
NJIOTHOCTHOrO UMNIKA
onpenesneHbl NoKasbHbIe Yribl
3aieraHns nnacTos, NO3BOJISA
YTOUHATb CTPYKTYPHYHO
Monenb. [aHHbIN KOMMIeKc
nccnenoBaHniA [oKasan CBOK
9P EKTMBHOCTb B YCIOBUSIX
CTPOEHUNSI MECTOPOXOEHNS, B

vl N ¢

PucyHok 27. CpaBHeHVe N1aHOBOMO 1 hakTN4eCKOro npounisd C y4eToOM
0BHOBNEHHOM MOoAeNN. MyHKTUPOM 0603Ha4YeHbI OOHOBIEHHbBIE MOBEPXHOCTW.
CnoLWHOM NMHMEN — NepBoHaYanbHas MOae b

Figure 27. The Comparison of Planned and Actual Profiles Subject to Updated Model.
Updated surfaces are indicated with dotted line; a solid line indicates the initial model

OCOBEHHOCTU NP NepecedeHmnm
FIMHUCTBIX MEPEMbBIHEK MEXOY
NPOAYKTUBHBIMU NHTEPBaSIaMU, KOHTPACT MAIOTHOCTU
NO3BOIAN OLIEHMBATD YrJibl 3a/1€raHVs CTPYKTYPb!

C BbICOKOW OOCTOBEPHOCTHLIO. VIHdhopmaums o
CTPRYKTYPHOM 3asieraHnm no3Bosna Npon3BOANTb
pac4éThbl cTpaTUrpadHeCKMX TOSLLIMH BCKPbIBAEMbIX
naacToB 1 MPOrHO3MPOBATb VX N3MEHEHME B a3UMyTe
Bypenus. [danrHbIM Habop MHGoPMaumn B MPOLIECCe
BypeHnst MO3BOJIA1 BHOCUTL CBOEBPEMEHHbIE
N3MEHEHNS B MPOEKTHYIO TPAEKTOPUIIO CKBaXKMHBI,

4YTO MO3BOJIMIO ONTUMN3NPOBATL NPOUIb, Kak a5
BbINOJIHEHWS rEOIOMMYECKX 3a[ad, Tak U A1 CHYKEHMS
TEXHOJTIOMMYECKIX PUCKOB (CM. PrcyHOK 26).

KOppeKTMPOBKM MPOEKTHOM TPAEKTOPWUN FOPU3OHTaTbHOM
CEeKLUMN CKBaXKVHbI BbI3BaHbl 3HAYNTESIbHbIMM
N3MEHEHMAMN BEPTUKASIbHOW MOLLIHOCTM NNacToB (OT

2,5 00 12 M), CTPYKTYPHBbIMU OCOBEHHOCTSAMU B a31MMyTe
BypeHusa (Bapuauun +/- 2.5 rpag,), natepanbHOn
HEBbIOEP>KAHHOCTBIO KOJTJTEKTOPCKMX CBONCTB.

B npouecce reoHaBuraLym BbisiB/ieHa CyLLIECTBEHHAS
CTPYKTYPHas 1 IOKa/IbHas N3MEHYMBOCTb B asuMyTe
Byperus (cm. PucyHok 27). OgHako MCnob3yeMbll
KOMMeKe AaHHbIX MIC nocTynatoLyx B peasibHoM
BPEMEHW 715 LIeNIEW reoHaBUraLIM CKBaXKMHbI MO3BONI
CHU3UTb BJINFHWE BCTPEYEHHDbIX HeOI'Ipe,EI,eJ'IeHHOCTem

Ha BbINOJIHEHWE rE0IOMMHECKMX Lienelt. Ha ocHoBe
NHTEepNpeTaUmn asnMyTalbHbIX USMEPEHWIA BHECEHI
CBOEBPEMEHHbIE KOPPEKTUPOBKW B TPAEKTOPUIO A5
OMNTVMasIbHOMO PaCMOSIOMKEHNSI CTBOJS1A CKBaKMHbI B
nHTepBasie Hannyywnx GEC kKonnekTopa, BblOENSEMbIX B
npouecce 6ypeHus.

Bnarogaps BbipaboTaHHOMY KOMIM/IEKCHOMY Moaxoay K
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The adjustments to the planned path in the horizontal
section of wellbore were caused by the significant
changes of vertical bed thickness (from 2.5 to 12 m),
the structural features in the azimuth of drilling (varying
by +/- 2.5 deg.), and the lateral unevenness of reservoir
properties.

During the geo-steering, a significant structural and local
variability was revealed in the azimuth of drilling (see Figure
27). However, the applied set of incoming real-time GIS
data for geo-steering purposes allowed the reduction

of encountered uncertainty impact on the achievement

of geological targets. Based on the interpretation of
azimuthal measurements, the timely adjustments of the
path were performed to optimize the wellbore position in
the section of the best reservoir PPP specified during the
drilling operations.

Due to the developed comprehensive approach to the
geo-steering program, the effective length of borehole
within the productive reservoirs was increased compared
to the planned length. The analysis of azimuthal data
(image) during drilling operations decreased the structural
uncertainty and allowed the reduction of penetration into
the shale sections by 14 per cent at the average, as well
as the maximization of penetration in the section of the
best reservoir PPP.

For the first time in the mainland Russia, an advanced
Acoustic Logging was applied during the drilling
operations at the well construction on the Yurkhar field.
Before proceeding to the project implementation, the
petrophysicists of the GIS interpretation team performed
the preparation and planning activities based on the data
on neighboring wells provided by the Customer.
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reoHasurauym, apdexkTBHag oimHa
CTBOJ1a, MPOJSIOXKEHHAS B NMpedesiax
MPOOYKTVIBHBIX KOJSIJIEKTOPOB,

Oblia yBenmyeHa B CpaBHEHUM C
M1aHOBOW. AHaNS a3MyTasTbHbIX
OaHHBIX (MMNIKEN) BO BPEMS

|9
;
LF
Lo

1
i
P}
i3
alulﬂ.l]_ :

OyPEHVS CYLLIE-CTBEHHO CHA3MN eand

CTPYKTYPHYHO HEOMNPEOEIEHHOCTb - 1

W MO3BOSINI CHU3UTL MPOXOAKY | | heeaed | ‘,

B MIMHUCTLIX MHTEpPBa1ax B = . B

cpeoHeM Ha 14%, a Takxke Bl L. 13 ] =

MaKCHMaJTbHO YBENMYNTE MPOXOOKY
HenocpeaCTBEHHO B MHTEPBasE
Hany4dwmx GEC konnekTopa.

PucyHok 28. ObpaboTaHHble AaHHble AKYCTHYeCKOro KapoTarka COBMECTHO C
OaHHbIMW CTaHOAPTHOIrO KapoTavka B MpoLLecce BypeHus, a Takxxe pacCHUTaHHbIe
naacTU4ecKme CBOMCTBA FOPHbIX MOPOA,

Figure 28. Acoustic and Standard Log Data Processed When Dirilling, and Estimated

B npougecce ctpoutenscTea ) .
pou P Plastic Properties of Rocks

paccMaTprBaEMbIX CKBaXKMH
HOpxapoBCKOro MECTOPOXAEHUS
BMNepBble Ha KOHTUHEHTaIbHOW
yacTn Poccum 6bin NprYMeHeH
nepenoBOr KOMIMIEKC
AKyCTUHeCcKoro KapoTtaxka B
npouecce 6ypeHus. Mpexae
4yeM MPUCTYMNUTL K peannaaLmn

NpoekTa NeTpohmanKamm E

rpynnbl nHTepnpetauumn MN1C [ F e e g s s s SO0, R i o e S el v st v e 2 V5 N
OblNa NpoBegeHa NoaroToBka u R Rt s s A Py e s s g A, 1 T e
NJaHMPOBAHNE Ha OCHOBaHUM [ Y P N N [ N R AN | O D OO ) Y W J——
OaHHbIX, MPe0OCTaBIEHHbIX

3aKa34yMKkom Mo CoceaHnM i

CKBEXKMHAM. R T,
MpenocTaBNeHHbIE faHHbIE PucyHok 29. OkoH4aTenbHas MHTepnpeTaums Ha OCHOBaHMM OaHHbIX B MPoLecce
MO3BOAVN OMTUMABLHO Byperus. PaccumTanHble GEC, BblAeneHHbIN XapakTep HaCbILLEHNs Mo pesyibTatam

Nofo6paTh NapaMeTps! Ans kom-  OOBEMHON MoaE/
nnekca Akyctudeckoro Kapotaxa Figure 29. Final Interpretation Based on the Data Received When Drilling. The estimated
L1 MONyYeHns JOCTOBEPHbIX PPP and the defined saturation behavior according to the 3D-model results

[JaHHbIX, KaK B peaJlbHOM Bpe-
MEHW, TakK 1 N3 NaMATU r|p|/|60pa.

These data allowed the selection of optimal parameters for
Acoustic Logging to obtain both the reliable real-time data

B npouiecce GypeHust KoMaHA0A NETPOMU3NKOB and the data stored in device memory.

BbIMOJSHACS KPY/TOCYTOUHbINA MOHUTO-PUHI 1 06paboTka
JaHHbIX B peaslbHOM BpeMeHn (CM. PrcyHok 28), a Takoke,
MpPOV3BOAMNIACH NOAAEPKKA IPYMNMbl FEOMEXaHWNKOB. 10
OKOHYaHMKO BypeHns aaHHble 13 namsTn AK npmnbopa Obi-
N 0bpaboTaHbl rpynnon nHTepnpeTaunn MC.

The team of petrophysicists carried out 24-hour
monitoring and real-time data processing when drilling
(see Figure 28), as well as provided a support to the
geomechanics team. Upon the completion of drilling
works, the data stored in the AL device memory were
processed by the GIS interpretation team. The set

of acoustic logs maintained when drilling, along with

the standard set of logs maintained during the drilling
operations, allowed the solution of geomechanics tasks,
such as: the calculation of mechanical properties of rocks
and the real-time update of wellbore stability model.

KOMMIEKC aKyCTUYECKOro KapoTaxka B NpoLiecce
BYPEHMS COBMECTHO CO CTaHO2PTHBIM KOMIMIEKCOM B
npoLiecce 6ypeHnst MO3BO PELLINTL FEOMEXaHNYECKIE
3a0a4n Takne Kak: pacqéT MexaHNYEeCKMX CBOCTB
FOPHbIX NOPOA, Y OGHOBEHME MOAEM CTABNIBHOCTU
CTBOJ1a CKBaXKWHbI B PEXKVIME PeaslbHOro BPEMEHN.

Ha ocrHosaHi AaHHbIX TG, nOny4eHHbIX 13 namsi A quantitative interpretation was carried out on a basis
nprbopos (MK, YOC, HENTPOHHO-MIOTHOCTHOW KapoTaxk, of the GIS data obtained from device memory (GR log,
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B BYPEHVE

hoToaNEKTPUHECKMIM (haKTOP), a TaKKe OaHHbIX,
NPEnoCTaBNEHHbIX 3aKA3UYMKOM (KEPHOBbIE AaHHbIe, MaBbl
noacHeTa 3anacoB) Obl1a NPON3BeaEHa KONMMHECTBEHHAS
VMHTEpnpeTaLms.

o faHHbIM KapoTaxka B Mpouecce Bypenns Gblia
MOCTPOEHA NETPOUINHECKAS MOLESb HYepes peanmsaLyito
CUCTEMHOIO MOAX0Aa, MO3BOIAHOLLErO MPON3BECTA
OOHOBPEMEHHOE PELLIEHVE CUCTEMBI JIMHENHBIX U
HENMNHENHbBIX NETPOMUINHECKMX YPaBHEHWN. [JaHHbIMI
YPaBHEHVSIMM SIBNSIOTCS MOKa3aHsi COOTBETCTBYHOLLINX
reotn3NHECKMX METOOO0B, OOYCNOBMEHHbIE OOBEMHbIM
COAEPKaHMEM KOMMOHEHT MOAe M (M1HepanoB, touaoB)
N VX NETPOGUBNHECKMMI CBOMCTBaMI (MapameTpamu).

Ha ocHoBaHMM 06BbEMHOM NETPODU3NHECKON MOOENMN
OblIM PacCHATaHbI OCHOBHbIE (DUIBTPALMOHHO-EMKOCTHBIE
CBOWCTBA, a TakxKe YTOYHEHa JIMTOI0MVs paspesa U
ONpenesieH Xa-pakTep HAChILLEHNS B KOJIIEKTOPAX.

MeTpodmsmdeckas nHTepnpeTaums (CM. PucyHok 29)
MO3BOJIMIA OLEHUTL 3DMEKTVBHYIO ASIMHY CTBOSA,
MPOJIOXKEHHOMO B Mpeaeiax NPOAYKTUBHbBIX KOMIEKTOPOB
1 NMoKasana yCcneLHOCTb KOMIMIEKCHOMO NMoaxoaa
["eoHaBuraumn.

PekopoHas MHOrocTBOJIbHasA CKBaXKMHA
MHOroCTBOIbHOE BYypPEHME 1 3aKaHUYMBAHME SIBISIETCS
XOPOLLIO M3BECTHbIM CMOCOB0M YBEINHEHNS
HebTerasooTaauqM, KOTOPbIN LLMPOKO WUCMOL3YETCH B
HacTosLlee BpemMs. CTBOS1 CKBaXKMHbI C HECKOMTbKMM
Pa3BETBIEHVAMM — BOKOBbIMY CTBOMIAMU — CHDKAET 00LLIME
3aTparhl, yBEMHYMBAET MPON3BOAUNTENBHOCTL U yy4dLIAeT
OPEHMPOBaHMe NnacTa-KoanexkTopa. onysapHOCTb
TaKoro NoaxoAa pacTeT rofd OT roAa, MOCKOMbKY Takue
TUMbI CKBEXKMH MOMOTatoT YBEINHYNTb N3BIeYEHHbIS

3anachl 1 NO3BONSOT OBMEMUTb YIPaBEHE 3a/IEXKBI0
Npw ee akcnnyatauyn. OgHako CTOUT OTMETUTb, YTO
CTPOUTENBCTBO CKBaDKWH CO CIIOXKHbIMM NPOhrNsMm
ABNSETCHA OYEHb CIOXKHOW 3ada4en ¢ OoMbLLION JoNewn
pucka. Ho mocneaHne OOCTVKEHNS U pasBUTUE CUCTEM
BCe 6osiee yoexxaatoT A0ObIBarOLLIME KOMMaHNM B TOM,

YTO MNPENMYLLIECTBA NEPEBELLIMBAIOT HeaOCTaTKU. [pn
OYPEHNMN CKBaXKMH C BOSILLLIMMM OTXOOAMW TakoM MOAXOL,
CTaHOBUTCH eLLe 60/1ee BbIrOAHbIM, OOHAKO PacTyT U PUCKN,
C KOTOPbIMW Takue paboTbl 0ObIYHO CBS3aHbI.

CkaakmHa N23-A KOpXxapoBCKOro MECTOPROXKAEHWS
nnaHnpoBanach [11] kak ABYCTBOMbHAS CKBabKVHA 3-TO
YPOBHS! 3akaH41MBaHus TAML.

OnpeneneHne ypoBHS MHOMOCTBOIBHOMO 3aKaHYMBaHMA
TAML gBSeTCA KIKOHEBBIM KPUTEPUEM MPU MIAHUPOBaHUN
CTPOUTENBCTBA MHOTOCTBOSIbHOW CKBaXKMHbI. YPOBEHb
MHOMOCTBOSIbHOIO 3akaH4BaHusa TAML onpenensaeTcs
nexoas 13 GyayLmx Lenen v NnaHoB KoMMaHu—oneparopa
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electrical resistivity, neutron density log, photoelectric
factor) as well as the data provided by the customer (core
data, reserve calculation data).

A petrophysical model was built on a basis of the

data logged when drilling, by applying a systematical
approach in order to solve the set of linear and nonlinear
petrophysical equations simultaneously. These equations
represent the readings of corresponding geophysical
tools con-ditioned by the cubic content of component
model (minerals, fluids) and its petrophysical properties
(parameters).

Based on a petrophysical cubic model, the basic porosity
and permeability properties were estimated, the formation
lithology was refined, and the saturation behavior of
reservoirs was defined as well.

The petrophysical interpretation (see Figure 29) enabled an
estimation of effective length of borehole in the productive
reservoirs and showed the success of comprehensive
approach to the geosteering.

Record Multilateral Well

The multilateral drilling and completion is a well-known
way to increase gas and oil recov-ery, which is common
practice nowadays. A wellbore with multilateral wells

— sidetracks — reduces the total costs, increases

the productivity, and improves the production of the
reservoir. The acceptance of this technology grows year
on year, as this type of well increases the recoverable
reserves and facilitates the field’s management

during production. However, it is worthy to note that
the complex well construction is a difficult and risk-
bearing task. But the latest advancements and system
development increasingly convince the producers that
the positives outweigh the negatives. When drilling

the wells with a large volume of waste this approach
becomes even more profitable through the associated
risks increase as well.

The well No. 3-A of the Yurkhar field was planned [11] as
a bilateral wellbore with a TAML Level 3 completion.

The definition of the TAML level for the multilateral
completion is a key criterion for the planning of
multilaterals wells. The TAML level of the multilateral
completion shall be defined on a basis of the operator’s
aims and objectives regarding the multilateral well
(operation, maintenance, possible installation of bilateral
completion systems, etc.) During the joint meeting, the
TAML Level 3 completion (mechanical support of lateral
junction) was selected for the completion of well No. 3-A
of the Yurkhar field.

According to the planned path, the sidetrack would be
of 1336 m in length. In order to decrease the possible
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KacaTe/TlbHO MHOMOCTBOJIbHOM CKB2XKMHbI (SKCTUTyaTaLms,
PEMOHTHbIE PaboTbl, BO3MOXXHOCTb YCTAHOBKM CUCTEMBI
OOHOBPEMEHHO-PA3AENbHOM SKCnyaTaumn 1 T.4,). B
XO[€e COBMECTHOIO COBELLIaHMS, Obli1 oNpeaeneH ypoBeHb
3aKkaHuBaHMa TAML 3 (MexaHn4ecKkast U3onauUms CTbika
[OBYX CTBOJIOB) A/151 CKBa>K/HbI 3-A KOpxapoBCKOro
MECTOPROXKAEHWS.

CornacHo nNnaHMpPyeMon TPaeKTopuin, BOKOBOW CTBOJI
nmeeT anHy 1336 M. C LNk CHDKEHMST BOSMOXKHbIX
PWCKOB B MPOLIECCE CMyCKa XBOCTOBMKA W MOCIEAYHOLLIEN
YCTaHOBKW CUCTEMbI MHOMOCTBOJIbHOIO 3aKaHYMBaHMS,
BbI/10 PELLEHO NCMOMb30BaTb ABYXCEKLMOHHBIA ON3aH
XBOCTOBMKa DOKOBOro CTBOJ1a. ['lepBast 1 camast [/IMHHas
CEKLIMSt XBOCTOBMKA JO/HKHA CMyCKaTbCs OTAE/TBbHO

OT CUCTEMbI MHOrOCTBOJIbHOMO 3aKaH4BaHNS, Ha
YCTAHOBOYHOM MHCTPRYMEHTE, MO3BOAIOLLIMM MPOV3BOAUTD,
B CJly4ae HeOOXOAMMOCTH, BPALLIEHNE KOMIMOHOBKM

B MpoLiecce crycka. [JaHHas CekLyst XBOCTOBMKa, B
COOTBETCTBUN C MPOEKTOM 3aKaHYMBaHWS, [OSPKHA ObITb
crylleHa Ha 12 METPOB HKE BbIPE3AHHOIO B KOJIOHHE
OKHa 1 COCTOSATb 13 CKBaXKUHHBIX (OUMBTPOB U FAyXUX TRYO
XBOCTOBVIKA.

BTopas cekumsi XBOCTOBVIKA, COr/lacHO An3anHa
3aKaH4MBaHVis, NpeacTaBiseT cobon CU-CTeMy
MHOIOCTBOJIbHOIO 3akanumBaHnsg TAML 3, ¢ cekumen
KOPOTKOIr0 XBOCTOBUKA, A1 CThIKOBKW C NMEepBOW
CeKLmeln XBoCToBMKa BOKOBOr0O CTBO1A. YcneLlHoe W
6e3yKOPU3HEHHOE BbINOJIHEHME PabOThbl MO 3ape3ke
OOKOBOrO CTBOJIA ABISIETCA KIOUEBbIM (haKTOPOM,
KOTOPbIV NpeaonpenenseT obLwmn ycnex npoexKTa no
CTPOUTENBCTBY OBYCTBOJIbHOM
CKBaXXVHbI C OObLLINM

oTX0oOoM. bbinv nposeaeHb!

BCECTOPOHHME UCCNEO0OBaAHUS 1

aHanna. [ns aHanmaa paboThbl

KOMIMOHOBKM BbINI0 1NCMOMb30BaHO

COBPEMEHHOE 3anaTeHTOBaHHOE

VNH)XeHepHOoe NMporpamMMHoe

obecrneyeHne aas CUMYIFLMN

npoLecca BbIPe3KM OKHa C

Lesibio onpeaeneHnst cneaytoLmx

napamMeTpOB:

e OnpenenerHne reoMeTpum OKHa
B VHTEPBAasIe BbIPE3KM 1 Ha4Yana
0TX0aa;

e OueHka pasmepa 1 hopMbl
CEKLMV B HTEPBAJIE BbIPESKMU,
KoTopasi PoOpPMMPYETCH B KO-
JIOHHE 1 NMopoae KIMHOM-
OTKJIOHUTENEM,;

3aKOJIOHHOIO Lypda;
e PacyeT KpUBW3HbI U
SKBVBaUIEHTHOMN

BbIPE3KN OKHa

O6beMHoe n3obpaxkeHne
3D View

risks during the running of the liner and the subsequent
installation of a multi-lateral completion system, it was
decided to apply a two-sectional design of lateral liner.
The first and the longest section of the liner shall be run
separately from the multilateral completion system, by
use of installation tool allowing the rotation of assembly
during the run, if necessary. According to the completion
design, this liner section shall be run 12 meters below the
window cut in the string and shall be composed of the
well screens and plug-ended liner pipes.

According to the completion design, the second section

of liner represents a TAML Level 3 multilateral completion

system with a short-liner section to join the first section of

the lateral liner. Successful and faultless sidetracking is a

key factor that pre-determines the overall success of the

project on construction of the bilateral extended-reach

well. Comprehensive surveys and analysis were carried

out. In order to analyze the operation of the assembly, the

real time patented engineering software for the simulation

of the window cutting was used to define the following

parameters:

¢ Define the window geometry in the cut and kickoff section

e Estimate the size and shape of the cut section formed
by the whipstock

e Forecast the annular trajectory

e Calculate the drift angle and equivalent DSL for the
subsequent drilling assemblies running through the
kickoff section

e Calculate the drift angle and equivalent DLS for a liner
running through the kickoff section

¢ Estimate the volume and mass of milled metal in
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Figure 30. Window Cut Modeling, Yurkhar field, well No. 3-A

www.rogtecmagazine.com

ROGTEC |27



B BYPEHVE

NPOCTPAHCTBEHHOW MHTEHCUBHOCTW A1 CIEOYIOLLMX
BypUIIbHBIX KOMMOHOBOK, MPOXOASALLVX B MHTEPBasie
3ape3ky BOKOBOro CTBOA;

e PacyeT KPYBU3HbI 1 SKBMBAJIEHTHOW
NPOCTPAHCTBEHHOW MHTEHCUBHOCTU L1 XBOCTOBMKA,
NPOXOASALLErO B MHTEPBaJIE 3ape3kn BOKOBOrO CTBONA;

e OueHka o6bema 1 Macchbl pacpesepoOBaHHOIO
MeTas1a 06cagHOW KOMTOHHBI;

e AHaIM3 CUN N Harpy30K, AENCTBYHOLIMX Ha BYypUIibHbIE
KOJTOHHbI 1 COOPKY XBOCTOBMKA MPW UX MPOXOXKAEHNN B
WNHTEpBase OKHa.

BhbiLLeykazaHHbIM aHa3 MPOLIECCa BhIPE3KM OKHA U
3ape3Kk/ BOKOBOIO CTBOJIA OblIN MPOBEAEHbI C LENBIO
TOro, YTOObI MOHMMATbL KaK BbIPe3Kka MoSIHOPa3MEPHOro
OKHa B KOJIOHHE 178 MM MOXXET ObITb OCYLLECTBIEHA

MPY BbICOKWNX 3EHUTHBIX yrjiax Mpuv 60IbLLIOM OTXOAE OT
BepTUKaM - 6onee 6000 M. [Npy 3TOM, HEOOXOAVMO

eLLé pa3 NoaYepPKHYTh, UTO BbIpPE3Ka TEXHOIOMMHECKOrO
«OKHa» B 178MM MOTaNHON KOTIOHHE («rO/10Ba» NOABECKMN
MOTaNHOM KOJTOHHbI YCTaHOBEHA Ha MyduHe 4541 M,
VHTEPBAas BbIPE3KM «OKHa» 6054-6059M). Takm 0bpazom,
OCYLLIECTBNEH MPOMYCK KIIMHA-OTKIIOHUTENS B KOMIMJIEKTE
C BbIPE3aAOLLEN KOMMOHOBKOM (OPE30B YEPES3 MOOBECKY
MOTaNHOM KOJTOHHbI 1 BbIPE3Ka Ha PEKOPAHOM B MMPOBOM
MacLuTabe riybuHe. 13-3a aTrx ke 0COBEHHOCTEN
KOHCTPYKLMM HEOBXOAMMO 6b110 NOABMPaTh KNH-
OTKJTOHUTENS C TUAPABINYECKON aKTUBALMEN SKOPS U
nakepa, a Takke OTCTLIKOBKY, TaK Kak [J15 MEXaHNHECKX
SKOpen HEOOXOAVMO OOBEAEHME HArpy3KM /19 akTBaLMM,
4TO Ha rnyburHe 6054 MeTpa (Mpw 0TXOoAe OT BEPTUKAN
NOYTU 5 KMIOMETPOB) C BYPUIIbHBIM MHCTRYMEHTOM
101.6MM Mo pacHéTam He BOSMOXKHO.

Lpyrm >xecTkm TpeboBaHreM 6bL10 obecnedeHvie
HUSKWX MoKagaTesien NpOCTPaHCTBEHHOW VHTEHCYBHOCTA

B MHTEPBaJs1e BbIPE3KM OKHa 1 OTXOAA OJ19 YCTaHOBKM
CUCTEMbI 3aKaH4MBaHWs ypoBHS TAML 3 ¢ rapaHTuien Toro,
YTO FEPMETUNYHOCTb €€ COYNEHEHUIN He ByET HapyLLieHa.
MopenmpoBaH1e TakxKe MOMOI/IO YAOCTOBEPUTLCS B TOM,
MPOCTPaHCTBEHHAS MHTEHCMBHOCTL B MHTEPBAJIE OKHA HE
OKa3blBaeT HErATVBHOIO BO3OENCTBIS Ha MOCnedytoLpme
OypUIIbHbIE KOMMOHOBKM 1 KOMMOHOBKM 3aKaHYBaHMS.
MNoHmmanme noseaeHns KHBK, ncnonbayembix npu 6ypeHim
OOKOBOro CTBOJIA, YACTHOCTY MX AVNHAMKKM, BbINo eLLg
OOH1M BaXKHBIM BOMPOCOM 1 3apaden. [peniokeHHas
cucTema Mora ObiTb CKOHUNypUpOoBaHa As1st MPUMEHEHNS
B JIHOObIX YCOBKSX SKCMyaTaumm C LeSbio 0becrneyeHmns
BO3MO>XHOCTW BbICTPOIO BbINMOIHEHMS PaboT MO BbIPE3Ke
OKHa BbICOKOIO Ka4ecTBa 1 3ape3ke BOKOBOMO CTBOSA.
Takasi cuctema 3ape3ki MO3BO-NFET BbIMOHATL
MOCTaB/NEHHbIE 3afa4l B CTa/lbHbIX 06CaAHbIX KOMOHHAX.
®pesepbl knacca MNpemmym 06eCneqrBatoT BbICOKOE
Ka4eCTBO PaboT MO 3apeske BO BCEX CYLLECTBYIOLLIMX TUMaxX
06CaaHbIX KOMOHH, BK/KOHYast KOSTOHHbI, M3roTaB/IMBaeEMbIE
3 MapOK CTa/IM BbICOKMX MoynM MPOYHOCTA W
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the casing string
e Analyze the forces and loads affecting the drillstring
and the liner assembly when running through the
kickoff section

The above-mentioned analysis of the window cutting and
kickoff operations was conducted in order to understand
how the full-size window can be milled in a 178 mm string
with a high inclination and within over 6000 m of extended
reach. Besides, it shall be stressed once again that cutting
the window in a 178 mm tie-back string (the top of the
tie-back string hanger is installed at a depth of 4541 m,
and the window cutting section is between 6054 to 6059 m).
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. Because
of the same structural features, it was required to select

a whipstock completed with a hydraulically-activated
anchor and packer as well as with a detachment, as

the mechanical anchor requires a supply of load for
activation which is impossible, as per calculations, at a
depth of 6054 m (with about 5 kilometers of horizontal
displacement) and with use of 101.6 mm drilling tool.
Another stringent condition was to provide the low DLS in
the window and kickoff section in order to install a TAML
3 Level completion system ensuring the tightness of its
junctions. In addition, the modeling ensured that the DLS
in the window section has no negative impact on the
subsequent drilling and completion assemblies.

Another important issue and challenge was to understand
the behavior of BHA during sidetracking, particularly its
dynamics.

The suggested system can be configured to operate
under any conditions in order to enable high-quality and
rapid cutting and sidetracking. Such tracking system
enables an execution of tasks in the steel casing strings.
Premium class cutters provide a high quality of tracking
opera-tions in all the available types of casing strings,
including the strings made of high-grade steel and
chrome-plated, in any formation, including the most
challenging, with a compressive strength up to 275 MPa.
The past experience of similar operations performed in
the larger diameter strings, coupled with the technical
analysis and modeling, facilitated the designing of
sidetracking system and the decision-making on the
feasibility of a successful program at a depth of over 6000
m with achieving all the goals in one tripping operation.
The cutting simulation software proved that a full-size
window can be milled under a 77° inclination, at a depth
of 6055 to 6059 m (19865-19880 ft) with spudding-in a
5 m hole; that the DLS in the kickoff section will not affect
the subsequent drilling and completion strings. The low
DLS values in the casing exit section were in compliance
with the stringent requirements applied by a TAML 3 Level
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XPOMUPOBaHHbIE KOTOHHbI, B JIIOObLIX MOpOAax — A0 OYEHb
TBEPAbIX - C NPEAENOM MPOYHOCTU MPU HEOrPaHNYEHHOM
oxatum go 275 Mna.

OnbIT, NOMYYEHHBI PaHee MpKY NPOBeOEHNN

NOAOBHBIX PabOT B KOSTIOHHAX BOMbLUEro aMameTpa
COBMECTHO C MPOBEAEHHBIM TEXHNYECKNM aHaIN30M 1
MOOENMPOBaHNEM, MOMOI /N CNPOEKTNPOBATL CUCTEMY
no 3ape3ke BOKOBOIro CTBOMA U MPUATU K PELLEHWIO,
YTO YCMELHOE BbINMOIHEHNE PaboT OCYLLECTBUMO Ha
rny6uHe no cTeosly 6onee 6000 M C AOCTUDKEHNEM BCEX
MOCTaB/IEHHbIX LIefei 3a OAHY CMyCKO-MOAbEMHYHO
onepauuto. NporpammHoe obecneveHne ois
MOJEMMPOBaHNS BbIPE3KM OKHa MOMOT/10 y6eamTLCs

B TOM, YTO MOJTHOPA3MEPHOE OKHO MOXKET BbITb
BbIPE3aHO Npu 77° 3EHUTHOM yrne Ha rnybunHe 6055-
6059 m (19865 - 19880 chyT) ¢ 3abyp-Kom 5 M Wwypda;
YTO MPOCTPAHCTBEHHAS MHTEHCUBHOCTL B MHTEPBA/E
3apeske He OyAeT OKasbiBaTb BAVNSHUS Ha MOCeayoLLVe
OypUIbHbIE KOJIOHHbI 1 KOMTOHHBI 3aKaHYMBaHWSI.
HW3kne 3Ha4eHMa MPOCTPaHCTBEHHOW NHTEHCMBHOCTHU
B MHTEpBasie BbIX04a N3 KOJIOHHbI YAOBIETBOPSIMN
YKECTKIM TPeOOBaHMAM MCMOSb3yEMOWN CUCTEMBI
3akaH4mBaHVs ypoBHs TAML 3, obecnedrBas yCcrnoBus
07191 COXPaHEHMS FePMETUHHOCTI €€ Y3J10B.

B 0ononHeHve K BbilLeCKa3aHHOMY, /19 CHUDKEHUS

PUCKOB B MPOLIECCE YCTaHOBKM cucTeMbl TAML 3,

B MPOM3BOACTBEHHbIX YCIOBUSX HOBOIrO YpeHros,

Obl1 NPOM3BEAEH TECT HA COBMECTUMOCTL CUCTEMBI
MHOIOCTBOJIbHOMO 3aKaHUMBaHWS CKBaXKMH C CUCTEMON
BbIPE3KM OKHa. [locnie NpenocTaBNeHNs 3aKa34MKOM TPYOb!
06CaaHOM KOMOHHBI, Obl1 CO3AaH MAKET TEXHOIOMYECKOrO
OKHa. Pasmepbl OkHa Obln B3SThI U3 OT4ETa MO
MOZENMPOBaHNIO NpoLEecca BbIpe3KW. st AONOHUTENBHON
MPOBEPKM MPaBUIBHOCTU (hOPMbI OKHA, BbII0 MPON3BEaEHO
CpaBHEHMEe BECA BbIPE3AHHOIO METaUT1IA MakeTa OKHa,

C BECOM, MOJTYY/BLUMMCS B PE3YNbTATE NPOU3BEOEHHDBIX
pacyeToB. PesynbTar — NosIHoe COBMafgHNe pPacyeTHOro
(hakTHECKOro BECOB. TECT Ha COBMECTVMOCTb MoKasal,
YTO CHCTEMA BbIPE3KM OKHa «Trackmaster Plus» NOHOCTLIO
COBMECTMMA C CUCTEMON MHOTOCTBOJTIBHOMO 3aKaHUYMBaHWS
«Rapid Tiebacks».

icnonb3oBaHvie TeNleMeTPUYECKOro 06opyaoBaHys,
MO3BOJIUIIO YCMELHO M KOPPEKTHO COPUEHTUPOBATL
KOMMOHOBKY /159 BbIPE3KW OKHa Ha riybuHe 6051.5

M. TeXHOSIOrMYeCKOE OKHO OblNIO BbIPE3aHO 3a OHY
CMYCKO-MOABEMHYIO ONepaLinio, B COOTBETCTBUN C
JOPOXKHOW KapTOW Ha orepauumio Mo Bblpeake okHa. [ocne
MOJIHOrO MO bEMA KOMMOHOBKM TROMHOMO dopesa Oblsl
3aMEpPEH U3HOC (PPE3EPYIOLLMIX DNIEMEHTOB. 3aMEPEHHbBIN
N3HOC MOJSyYMNCs B ananasoHe AonyCTUMBIX 3HAYEHWIN.
[Nocne okoHYaHMst BypeHmst BOKOBOIO CTBOJ1a CKBaDKVHbI,
Obl1 MPOM3BEAEH YCMELLIHBIA CMYCK NEPBON CEKLINMA
XBOCTOBVIKa, Jasiee NpoBeaeHa ornepaLys no Ua3BiedeHuo
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completion system, therewith ensuring the tightness of its
junctions.

"'." t} > 'f;

PucyHok 31. bypeHne 60koBoro cteona
Figure 31. Sidetracking

In addition to the above, the compatibility of multilateral
well completion system completed with a window-cutting
system was tested in order to reduce the risks during the
installation of the TAML 3 system under the production
conditions at Novy Urengoy. After the Customer provided
the casing pipes, the technological window model was
created. The window dimensions were taken from the
report on modeling the cutting operations. To validate an
accuracy of the window’s shape, the weight of model’s
metal cuttings was compared with the estimated weight.
As a result, there was a complete conformity between
the estimated and actual weights. The compatibility test
confirmed that the TrackmasterPlus window-cutting
system is fully compatible with the RapidTie-back
multilateral completion system.

The use of MWD equipment enabled a successful and
accurate determination of the attitude of the window cut
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KIMHa-OTK/IOHUTENS (C 3a0EMCTBOBaHMEM KOMMOHOBKM

¢ TenecncteMol). KnnmH-oTKIOHUTE b Obln YCMeLHO
M3B/IEYEH N3 CKBaXKMHbI 32 OfHY CMYCKO-MOOBLEMHYHO
onepaumio. 3atem b1 OCYLLECTBNEHbLI PAO0ThI MO CYCKY U
COEOMHEHMIO BTOPOW CEKLIMN XBOCTOBVIKA BOKOBOMO CTBO/A.

XapakTepHOM 0CODEHHOCTLIO MPOLECCA YCTaHOBKM
CUCTEM MHOMOCTBOJ/IbHOMO 3akaH4yvBaHua TAML 3
SABASETCS oNpeaenieHne Hn3a TEXHOIOMMHYECKOrO OKHa.
OnncaHHas BbiLLIE onepaLus ABASIETCA KItOYEBOW /15
onpeaeneHVst opueHTaLmm «GoKOBOro Moy 1s» CUCTEMbI
MHOIOCTBOJIbHOIO 3akaH4BaHna TAML 3 B ckBakuHe. B
Crly4ae HEKOPPEKTHOW YCTAHOBKM «BOKOBOIO MOy s>,
3aKas4vK He ByaeT MMETb BO3MOXXHOCTb JOCTyNa B
OCHOBHOW CTBOJT CKBaXKMHBbI.

BaykHO OTMETUTb, YTO CUCTEMbI 3akaH4BaHns TAML

3, B AaHHbI MOMEHT, MCMOJIb3Yye-Mble B OTpac/u,
YCTaHaBIMBAOTCA MOCPEACTBOM MOABELLMBAHUS «OOKOBOMO
MOLY/I» Ha HN3 TEXHOMOMMYECKOro okHa. Cuctema
3aKaH4MBaHMA UCMob3yemas Ha CKBaxKHE Ne3-A nmeeT B
CBOEN KOHCTRYKLIMM PacLLMPSEMYIO MOABECKY «OOKOBOIro
MOLY19», TEM CaMbIM HE 3aBUCUT OT POPMbI HN3a OKHA.
Paclumpsiemast nogsecka XBOCTOBMKA MEET MaKCHMasIbHO-
BO3MO>KHbI MPOXOOHOM AVAMETP CPeam CYLLECTBYHOLLIMX
Ha PbIHKE CUCTEM MHOTOCTBOJIbHOMO 3akaH4mBaHns TAML
3, a CYEeT OTCYTCTBUSA MAOPaBINHECKNX LINIMHOPOB Ha
YCTaHaBIMBAEMOM B CKBaXKMHE ODOPYO0BaHM.

Paclumpsiemas nogBecka «60oKOBOro Moays»
yCTaHaB/IMBAETCH B BEPXHEN HaCTV KOMMOHOBKM
CUCTEMbI MHOTOCTBOJIbHOMO 3aKaH4YVBaHWs, KOTopast
nMoABeLLMBAET «GOKOBOM MOAY/Ib» B OBCaAHOWN KOMTOHHE,
noce onpeneneHns NPaBUbHOM OpUEHTaLIN
«BOKOBOro MOAyNs» OTHOCUTENBHO OKHa. 115
onpeneneHVs NONOXeHNs «GOKOBOrO MOy s»
OTHOCUTESIBHO TEXHOTOMMHYECKOrO OKHa, Ha CKBabKMHE
N2 3-A 1CNob30BasiCa MapaB/MHeCKn-aKTUBNPYEMbIN
KPIOK, KOTOPbIN MO3BOIAET ONPEAE/INTL KOPPEKTHYHO
OPWEHTALMIO C NMOMOLLBIO Pa3rpy3Ki HU3 OKHa (CM.
PucyHok 33). [INnst CKBaXKMH C 60/1bLLNM OTXOO0M OT
BeEpTMKaNM, niaHmpyemasa popmMa OkHa, 3a4acTyto,
OTNIMYaEeTCS OT (PaKTUYECKM NOTyHEeHHOW hopMbl MOce
BbIPE3KM OKHA, XapaKTepu3yeMon 3Ha4YNTESTbHbIM
yBEJIMYEHNEM OJIMHbI OKHA. [PUMEHEHME pacLUMPAEMON
NOABECKM XBOCTOBUKA W MMAPABINHECKN-aKTUBURYEMOIO
KptoKa Mo3BOMSET HE MPUBA3bIBATLCS B MPOLIECCE
YCTaHOBKW CUCTEMbI K (DOpMe H13a OKHa.

[nst paboTbl Ha CKBaXKMHAX C BOSIbLLMM OTXOAOM OT
BEPTUKaN, Oblna pa3paboTaHa 1 yCreLLHO NpUMEHeHa Ha
ckBaKuHE N2 3-A crcTeMa MHOTOCTBOSIbHOMO 3aKaHUMBaHWA
C TEXHNHECKVM PELLEHVSIM, YYUTLIBAIOLLIVMI CMELDNKY
yCTaHoBKW cncteM TAML 3 1 TeM CaMbIM COYETAKOLLYHO B
cebe rmMapaBMHECKUN-aKTVBURYEMBIN KDIOK 1 PaCLLIMPAEMYIO
MOABECKY XBOCTOBMKA.
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layout at a depth of 6051.5 m. The window was milled in
one tripping operation in concordance with the window-
cutting flow chart. After the hoisting of the triple cutter
assembly, the cutter component wear was assessed.
The assessed wear was within the tolerance range.

After finishing the sidetracking, the first liner section was
successfully run in, and then, the whipstock was extracted
(using a MWD assembly). It was successfully extracted
from the well by one tripping operation. Then, the running
operations were performed with regard to the second
lateral liner section.

A distinctive feature of the TAML 3 multilateral completion
system is the definition of technological window

bottom. The operation described above is a key for the
determination of attitude of the “lateral module” of TAML
3 multilateral completion system within the well. In case of
the incorrect attitude of «lateral module», the customer will
not be able to access the main borehole.

It is important to note that the TAML 3 completion
systems used in the industry nowadays should be
installed by hanging the «lateral module» to the bottom

of technological window. The completion system used at
the well No. 3-A includes an expandable «lateral module
LINER?» hanger, so it does not depend on a shape of

the window bottom. The expandable hanger has the
maximum possible drift diameter amongst those that are
available in the market of TAML 3 multilateral completion
systems, due to the absence of hydraulic cylinders on the
equipment to be installed into the well.

PucyHok 32. Paclumpsemas noasecka CUCTEMbI
MHOIOCTBOJIbHOMO 3aKaH4YMBaHUA

Figure 32. Expandable Hanger of Multilateral Completion System

After the correct determination of attitude of the «lateral
module» relative to the window, the expandable «lateral
module» hanger shall be installed at the top of the
multilateral completion as-sembly that hangs the «lateral
module» in the casing string. To provide the «lateral
module» positioning relative to the technological window,
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PucyHok 33. [mapaBinyeckmi Kprok
Figure 33. Hydraulic Hook

BbiBoOpl

MpoBedeHHas OLEHKa UHXEHEPHbIX, OPraHM3aLMOHHbBIX
PELLEHWI, a TakKKe AOCTUrHYTbIX Pe3yibTaTtoB
0OKa3bIBAET aKTyaslbHOCTb MHTEMPUPOBAHHOIO

NOAXOAA, CO3AaHVA CUCTEMBI BypeHns, a Takke

TECHOrO B3aMMOLENCTBUSA MEXY BCEMU YHACTHUKaMMU
CTPOUTENIbCTBA CKBaXKMHbI. B COBOKYIMNMHOCTW OaHHble
(hakTopbl SBAAIOTCA KITHOYEBBIMI 4151 YCMELWHOro
BOMJIOLLEHNS TEXHUYECKI CITOXKHBIX MPOEKTOB, TaKMUX Kak
CKBaKVMHbI C 60/1bLLUMM OTXOAOM OT BEPTUKaIM MUPOBOIO
YPOBHS, YCMELLHO NPoBypeHHble Ha KOpXapoBCKOM
MECTOPOXOEHWN B AMaIbCKOM PErMOHE.

PaspaboTaHHble N0 HA3HAYEHKO TEXHOIOMM N UX
KOMOVHaLUWI B CUCTEMY BypeHs ABNSIKOTCH SKOHOMUYECKM
0BOOCHOBaHHbLIM PELLEHMEM OJ15 Pa3pabOTKM
MECTOPOXXOEHUI C YHETOM, KaK PErVOHasTbHbIX
OCOBDEHHOCTEN, TaK U CYLLECTBYHOLLMX TPAAMLIMOHHbIX
TEXHOIOTNYECKMX OFPaHNYEHNIA. YCNELIHOE BypeHme TPEX
CKB&XXVH CO CBEPXOJIMHHBIM OTX040M Ha KOpXapOBCKOM
MECTOPOXOEHNN SBUIOCH Pe3yIbTaTOM MPaMOoTHbIX
PELLEHWIN, MPUHSATBIX HA OCHOBaHW HAKOM/IEHHOMO OMbITa
nHxeHepamu 1 cnegpanmctamn OAO «<HOBATIK,

000 «HOBATOK-tOPXAPOBHEDTEIA3» n 3A0
«/IHBECTreocepBMC» B COHETAHNM C CMONBb30BAHNEM
nepenoBoro 06opya0BaHMS 1 MHCTPYMEHTOB O/19 OypeHs.
KoMneke aTmx (hakTopoB MO3BOSIT TaK »Ke YCMELIHO
pPeann30BbIBaTb Aa/TbHENLLIVE BONEe CNOXKHbIE MPOEKTbI,
MUHMU3VPYST SKCMUTyaTaUMOHHbIE PUCKW, CHXKas 3aTpaThbl
HEMPON3BOANTESTLHOMO BPEMEHM 1 MOBbILLAaS 6830MacHOCTb
NPOBOAMMBIX PabOT.

LIeHHBI OMbIT NOMYYEHHBI NP CTPOUTENBCTBE CKBaXKWH
C 60bLUVM OTXOO0M OT BEPTVKaUN Ha BanaHxunHckne
OTNIOXeHNs KOpXapOoBCKOro MECTOPOXKAEHMS AoKa3as
KOMIMETEHTHOCTb U CNOCOBHOCTb BOBIEHEHHbBIX B
KamMMnaH1io CneunaancToB NepenTi K NNaHnNpoOBaHMIO

1 BypeHno HOBbIX CkBaxkH ¢ BOB Ha reonornyeckue
uenn sbillenexalyx CEHOMaHCKMX OTIOXKEHNA Ha
HOpxapoBCKOM MECTOPOXOEHNN,

Icnonb3oBaHne TEXHOMOMMIA CKBaXKMH C BO/bLLMM
OTXOO0M OT BEPTMKaIM ByOET OOHOM U3 BAPKHENLLINX
W NPUBNEKaTeNbHbIX XapPakTePUCTVK BOJbLLIOMO
KOJIMYECTBA MPOEKTOB B FIMasIbCKOM PETVIOHE B CUMY
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a hydraulically-activated hook was used at the well No.
3-A, enabling the correct determination of attitude by
discharging the window bottom (see Figure 33). In case of
the extended-reach wells, the planned shape of window
often differs from the actual shape of window after cutting,
being characterized by a significant lengthwise expansion
of the window. The use of an expandable liner hanger and
hydraulically-activated hook allows the sytems to remain
connected irrespective of the shape of the window when
installing the system.

To operate the ERD wells, a multilateral completion
system, which uses the technical solu-tions specific to
the installation of a TAML 3 system and combining a
hydraulically-activated hook and an expandable liner
hanger, was developed and successfully applied at the
well No. 3-A.

Conclusions

The assessment of the engineering and organizational
decisions and achievements proves the relevance of

a comprehensive approach to the establishment of a
drilling system, as well as the close cooperation between
all parties during the well’s construction. Taken together,
they are the key factors in successfully implementing
technically complicated projects, such as the world-class
ERD wells successfully drilled on the Yurkhar field in the
Yamal region.

The selected technologies and their combination into the
drilling system is an economically feasible solution for the
field’s development, taking into consideration both regional
particularities and the existing traditional technological
constraints.

The successful drilling of three wellbores with an extra-
long horizontal reach at the Yurkhar field became a
result of wise decisions made on a basis of experience
accumulated by the engineers and specialists of
NOVATEK OJSC, NOVATEK-YURHAROVNEFTEGAZ LLC
and Investgeoservice CJSC coupled with an advanced
drilling equipment and tools. These set of factors will
enable the successful implementation of subsequent
and more complicated projects, thereby minimizing the
operational risks, reducing the non-productive time, and
increasing opera-tional safety.

The valuable experience gained during construction

of ERD wellbores at the Valanzhin deposits of the
Yurkhar field proved the competence and ability of the
specialists engaged in the company to plan and to drill
new ERD wells, to the geological targets at the overlying
Cenomanian deposits.

The use of extended-reach wellbore technologies will be
one of the most important and attractive features of the
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B PA3BEKA

BO3MOXHOCTY pa3paboTKi MHOTMX MOPCKMX LIESIbOBbIX
MECTOPOXAEHNI C CyLLU.

BnaropapHoCTb

ABTOpPbI AaHHow cTatbk 6narogapat OO0 “HOBATOK-
HOPXAPOBHE®TEIMA3”, OAO “HOBATOK” 3a pa3peLueHne
Ha nybnvKaLmio MaTepuasa, CoaepXXaLllerocst B JaHHOM
OoKyMeHTe. Mbl Tarkoke 61arogapyiM nepcoHas BCex
KOMMaHWi, paboTatoLLMX Ha MECTOPOXKIAEHMN, 38 BKNAL,

B MpoBeAeHne Be30omacHbIX 1 yCreLlHbIX paboT no
CTPOUTENBCTBY BbIAAIOLLINXCS CKBaXKWH.
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large number of projects being implemented in the Yamal
region as it enables the development of numerous offshore
fields from dry land.

Acknowledgments

The authors hereof are thankful to the NOVATEK-
YURHAROVNEFTEGAZ LLC and NOVATEK OJSC for
their permission of publishing the materials contained
herein. We also appreciate the personnel of all companies
engaged at the field, for their contribution to the safe and
suc-cessful construction of these outstanding wells.

Links and list of references

1. Official website of NOVATEK JSC

http://novatek.ru/

2. Official website of Investgeoservice CJSC

http://ingeos.ru/

3. Official website of PB VNIIBT JSC NGO

http://www.vniibt.ru/

4., Official website of K&M Technology Group
http://www.kmtechnology.com/

5. Official website of “Schlumberger” company

http://slb.com/

6. Tuktarov D.H., Korchagin P.N., Okhotnikov A.B. Smith
Production Technology LLC. Ways of optimization of long
holes drilling hydraulics // Scientific e-Journal “Neftegazovoe
Delo”-2011- #1.

7. Shokarev I.V., Gulov A.R., Vlasovets E.N., Suleymanov
R.N. Integra-Drilling LLC; Vyalov V.V. NOVATEK-
YURKHAROVNEFTEGAS LLC; Glebov E.V. NOVATEK JSC

— Construction of record-breaking multilateral ERD well in the
Taz Estuary water area. // Qil&Gas Innovations. -2011 -#12.
8. Vakhrushev A.V. Vallourec; Zhludov A.V., Gulov A.R.,
Chutskov S.P. Investgeoservice CJSC. Experience of
implementation of high-torque threaded joints of VAM Express
drill pipes by “Investgeoservice” group company // Report for
international applied research conference “Construction and
servicing of wells 2015”, “The Black Sea Oil & Gas Summit”,
Anapa,

September 21 to 26.

9. Glebov E.V. Shokarev I.V. and others NOVATEK JSC; Gulov
A.R., Zhludov A.V. “Investgeoservice” CJSC; Chetverikov
D.M., Dymov S.U., Yakovlev A.V., Dobrokhleb P.U., Petrakov
U.A., Gainullin M.A. and others “Schlumberger”. Construction
of record-breaking multilateral ERD well in Yamal region //
article SPE-171328 presented on 2014 SPE Russia Oil &
Gas Conference & Exhibition, Russian Federation, Moscow,
October 14-16, 2014.

10. Glebov E.V. “NOVATEK” JSC; Shokarev I.V. “Integra-
Drilling” LLC; Zhludov A.V. “NES” LLC; Chimerebere O.
Nkwocha “Geopro Technology Limited”; David Kay “Tercel
Qilfield”. Technology of reduction of down drag for casing
running in ERD wells in Arctic region of Russia // article SPE-
149720 presented during SPE Russia Oil & Gas Conference
and Exhibition-2011, Russian Federation, Moscow, October
17-18, 2011.

11. Glebov E.V., Shokarev I.V. “NOVATEK” JSC; Gulov

A.R., Zhludov A.V. Investgeoservice CJSC; Dymov S.U.,
Dobrokhleb P.U., Kretsul V., Zadvornov D.A., Kondarev V.,
Fedotov A. “Schlumberger”. New records for drilling and
multilateral completion as part of campaign on construction of
ERD wells in Yurkhar field // article of SPE-176507, presented
during SPE Russian Petroleum Technology Conference-2015,
Russian Federation, Moscow, October 26-28, 2015.

www.rogtecmagazine.com



