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PocHedTb 1 LLIntombep>ke pas3smBatoT PbIHOK
NTOKasIbHOr0 BbICOKOTEXHONOMMYHOro obopynosaHns

onst OypeHnst CKBaXKUH

PJSC NK Rosneft and Schlumberger Develop
a Local High-Tech Drilling Equipment Market

Ha mectopoxaeHun OO0 «PH-
tOraHckHedTeras» Bnepsble OGblna NpUMeHeHa
BblcokoTexHonornyHas KHBK onsa 6ypeHus
OBYXKOJIOHHOWN CKBaXVHbI C NPUMEHEHNEM
npmnbopa HENTPOHHO-MNIOTHOCTHOIO KapoTaxka
poccuinckoro npounssonctea LWD172-2HHK-
MKAM-3rk

BesepeHue

B uensax nobileHnst ahdeKTUBHOCTU BypeHuns

MAO «HK «PocHedTb» BOT y>K€ HECKOIbKO NeT
YyCMELLHO peann3yeT CTPOUTENBCTBO CKBaXKMH
OBYXKOJIOHHOW KOHCTPYKUMK [1]. Takas TexHonorus
NPOEKTUPOBaHUS ABNAETCHA NHHOBALIOHHON,
npegnonararollen NCKIYeHe LLeaoro aTana pabot
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The First Use of Russian neutron-density tool in
a Triple Combo BHA at the oilfield of LLC «RN-
Uganskneftegaz» for drilling of optimized casing
design wells

Introduction

To improve well construction efficiency Rosneft has
been successfully implementing two-string wells
design for several years now [1]. The approach is
quite innovative, it excludes a whole stage in well
construction cycle, in particular the running of the
178mm production casing. Two sections of the
production casing and liner are combined into a
178/140mm casing. This approach helps to reduce
the well construction time by an average of 7 days.
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B UMKEe OYpPEeHUst CKBaXKNHbI, & UMEHHO - CMYCK U
KpenneHne 178 MM aKcnayaTauyMoOHHOM KOSTOHHbI.
[Be cexkumm Nop aKCnayaTayMoHHYIO KOJTOHHY U
XBOCTOBUK 0ObeAMHEHbI B KOMOUHUPOBAHHYHO
178/140 MM KONOHHY. Bnarogapsa TakoMy nogxoay
BPEMS CTPOUTEIbCTBA CKBaXKNH COKPALLAaeTCs B
cpegHeM Ha 7 gHen. OgHUM 13 KIIOYEBbIX 3TanoB
3MDEKTUBHOCTN CTPOUTEIbCTBA CKBaXKMH AAaHHOMO
TMNa SBNFETCHA MPUMEHEHNE BbICOKOTEXHOOMMYHOIO
obopynoBaHunga B coctaBe KHBK, BkaovaroLLero
POTOPHO-YNPaBASEMYO cucTemy 1 npubopsl LWD
(Logging while drilling) ansa oueHKN CBOWCTB niacTa B
peasibHOM BpemeHu. [epBoHa4aibHO NPUMEHANCH
LWD npubopbl 3anagHoro npoundsoactea. OgHako,

B NOC/IeAHME HECKOJIbKO NIeT CTpaTermm Kak
HeTerazaogobbIBaOLLMX, Tak U CEPBUCHbBIX KOMMaHWM
HanpasBJ/ieHbl Ha JTOKaNN3auuio U BHeOPeHne
POCCUNCKOIrO BbICOKOTEXHOIOMMYHOro 060pya0BaHNS
LWD B coctaBe KHBK. CTaTbst onmncbhiBaeT yCRELLHbIN
OMbIT TOYEYHOIrO BHEAPEHUS TaKMX TEXHOTOMUIA
komnaHuamu LLmtombeprxe n MAO «HK «PocHedhTb».

YcnewHaa uHterpauusa npmbéopa HEMTPOHHO-
MJIOTHOCTHOIO KapoTa)ka POCCUNCKOro
npoussonctea B KHBK

HedTecepBUCHbIE KOMMaHUM aKTUBHO 3aHVMatOTCH
pPaspadboTKOM KOMMOHOBKN HM3a DYPUIbHOM KOTOHHBI
(KHBK), cocTogduwen Ha 100% 13 poccumckoro
obopynoBaHung. OgHUM 13 MPUMEPOB YCMNELLIHON
peann3aunn TakMx NPOEKTOB ABNFETCSA MHTerpaLms
npubopa pagnoakTUBHOIO KapoTaxa POCCUNCKOro
nponsBoacTea. [punbopbl nponssoacTea 3A0

«HIM SHeprug» 6b1am BbiGpaHbl 4S5 PELLEHNS

aTon 3agayn. MNprbopbl ABASIOTCS pa3paboTKom
2017 ropa 1 BXOOAT B PEECTP TEXHO0MUM
opobpeHHbix TC K3 (MpoTokona Ne6 ot 29.07.19).
OKCMEPTHbIN COBET OLEHWNIT KAY4ECTBO U MOJIHOTY
namepeHnn annapatypbl. OgHako, A1 PacKpbITUS
N3MepUTEbHOrO NOTeHUMana npubopa ons Lenemn
reoHaBuraumm n onepaTmBHOro NeTpopuU3nN4YecKoro
COMPOBOXAEHWS, Bbl1a HeobxoayMa NHTerpauns
npubopa ¢ BbICOKOCKOPOCTHOW TenemeTpuren. Ha 6ase
poccuinckoro 3asoga “MrEODOUT” 6bin pagpaboTtaH
YHUKabHbIN COEANHUTENBbHbIN MOAY /b, MO3BONASIOLLMMN
COBMECTUTb KapoTaxkHble 30HObI NponaBoacTea 3A0
«HIM SHeprug» ¢ BBICOKOCKOPOCTHOM TENEMETPUEN.
PaspaboTka monyns caoenana BO3MOXKHbIM
MNOHOCTBLIO UHTerpupoBaTb npmnbop 3AO «HIM
OHeprug» B KOMMOHOBKY «LLIntombepxxe», obecneyns
nosyderHve gaHHbix MK n HHK B peansHom

BPEMEHM 019 reOHaBUraunm 1 onepaTmuBHOM OLEHKN
PUNeTPaLMOHHBIX 1 EMKOCTHBIX cBONCTB (PEC)

www.rogtecmagazine.com

One of the key stages, which contributes to the
efficiency of this type of well construction, is the use
of high-tech equipment in the BHA (Bottom-Hole
Assembly), including a Rotary Steerable System
(RSS) and an LWD (Logging While Drilling) tool for
formation evaluation in the real time. Originally, only
international equipment was used. However, over the
past few years, Russia has implemented an import
substitution strategy and oil & gas companies are
looking for locally made and manufactured Russian
high-tech directional drilling (DD) and LWD equipment
[4]. This article describes the successful experience of
localizing such technologies for Rosneft.

Successful Integration of the Russian Neutron
Density Logging Tool into the BHA

Qilfield service companies have been actively
developing BHA’s which are 100% Russian-made.
One example of a successful implementation is the
integration of the Russian nuclear logging tool. Tools
manufactured by CJSC NPP Energia were chosen
for this purpose. The tools were developed in 2017
and are included in the register of technologies
approved by the Expert Technical Board of the State
Committee for Mineral Reserves (Protocol No. 6 of
07/29/19). The expert Board assessed the quality
and completeness of the measurements. However,
to unlock the tools geosteering and operational
petrophysical analysis measuring potential, it was
necessary to integrate it with high-speed telemetry.
This challenging task was handled by the GEOFIT
Product Center. For more than 30 years GEOFIT
has successfully manufactured drilling service
equipment and continuously invests in Research and
Development. Their engineering team designed an
unique real-time connection module, that combined
the logging tool with the high-speed telemetry
system. The development of the module made it
possible to fully integrate a Russian nuclear tool into
the bottom hole assembly, providing the acquisition
of density and porosity data in real time for
geosteering and proactive reservoir characterization.
The high speed telemetry tools can send downhole
data to the surface using mud pulse telemetry with
a bit rate up to 12 bit/sec without compression (up
to 50 bit/sec with compression.) The connection
module made it possible to fill this channel with CJSC
NPP Energia Tools LWD121-2NNK-GGKLP (4.75”) /
LWD172-2NNK-GGKLP-3GK (6.75”) measurements.
In real terms, the bit rate transmits to the surface 5
curves and density images in real time with a data
density of about 3 data points per meter.
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LWD121/LWD172 adnVISION475 EcoScope
MnoTHoCTb MorpeluHocTs x0.025-0.035 g/cc +0.015 g/cc +0.015 g/cc
n3mepeHus
MpeuynsnoHHOCTL (Npun
20 M4 1 2.5 r/cm3) +0.0075 g/cc 0.0045 g/cc 0.002 g/cc
AkTueHocTb NN 0.5 Ci 1.7 Ci 1.7 Ci
BepTtukanbHoe
paspeLueHme 25cm 15cm 15cm
Bomopopocoaepxkarme MorpetuHocTs, 5-8% 5% 5%
n3mepeHns
MpeunsnoHHoOCTbL o o o
(npu 20 M/4 n Kn=20%) 1% 0.5% 0.4%
AkTtuBHoCTL MU 6.5 Ci 10 Ci PNG
BepTtukanbHoe
paspeLueHme 50cm 30cm 54 cm
MorpelwHocTb
[0keT0) NaMepeHR +0.2 pu +0.12 pu +0.1 pu
NMunpopk nnoTHocTn 16 sectors 16 sectors 16 sectors

Tabnuua 1: ConocTaBneHvie N3MePUTENbHBIX XapaKTEPUCTVIK MPUOOPOB PaAMOaKTBHOIO KapoTaxka B MpoLecce Bypenvst Npor3BoacTea
3AO «HIMIN SHeprus» n «LLiniombeprxe»

niacToB. TenemMeTpuyeckne cuctemol TeleScope/
IMPulse nmetoT BO3MOXXHOCTb nepenaBaTh 3ab0MHbIe
OAaHHbIe MO rMapoKaHay Ha MOBEPXHOCTb CO
CKOpPOCTbLIO A0 12 6uTt/c 6e3 cxatus (oo 50 but/c co
cxatmem). CoeguHUTENBHbIN MOOYJIb NMPOM3BOACTBA
«FTEODUT» no3BoMA 3anoNHUTL 3TOT KaHan
namepeHnamMm npundopos LWD121-2HHK-ITKJIT
(4.75”) / LWD172-2HHK-TTKJIM-3IK (6.75”). B
peaslbHOM BbIpaXKeHUM, Takasi CKOPOCTb Nepegayn
no3BONMIa NepenaBaTb 5 KPUBLIX 1 Pa3BepTKy
MJOTHOCTU (MMUOXK) B peaslbHOM BPEMEHU C
MJIOTHOCTBLIO JAHHbIX OKOJ/1I0 3 TOYEK 3anmcu Ha METP.

B anpene 2019 roga npoBeneHo nepBoe OrbITHO-
NpPOMbILLNEHHOE ncnbiTaHne 3oHaa 3A0 «HIMM

In April 2019 the first carbonate pilot test of the
LWD121-2NNK-GGKLP (4.75”) tool, in connection with
a Schlumberger neutron-density tool, adnVISION, in
the was held. The comparison of the memory data from
both tools, such as: density, porosity, density image,
caliper showed a convergence within the nominal
margin of error. The comparison of the measurements
specifications of the tools is presented in Table 1.

Currently this technology has been successfully
deployed for in more than 20 wells (three- and two-
string designs) for Rosneft. The tools are available in
two sizes — 121mm and 172mm.

In Russia, the use of radioactive sources for nuclear

LWD121/LWD172 adnVISION475 EcoScope
Density Measurement error +0.025-0.035 g/cc +0.015 g/cc +0.015 g/cc
Precision (at 20 m/h
and 2.5 g/cc) +0.0075 g/cc 0.0045 g/cc 0.002 g/cc
Source Activity 0.5 Ci 1.7Ci 1.7Ci
Vertical Resolution 25cm 15cm 15cm
Hydrogen Measurement error 5-8% 5% 5%
Content
Precision (at 20
m/h and porosity 1% 0.5% 0.4%
index=20%)
Source Activity 6.5 Ci 10Ci PNG
Vertical Resolution 50cm 30cm 54 cm
PEF Measurement error +0.2 pu +0.12 pu +0.1 pu
Density Image 16 sectors 16 sectors 16 sectors

Table 1: Measurements characteristics comparison of CJSC NPP Energia and Schlumberger LWD Tools
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Fig. 1: 2NNK- GGKLP -LWD-121and adnVISION 475 Memory Data Comparison

OHeprug» LWD121-2HHK-ITKJIM (4.75”) B equHom
CBSBKE C MPUBOPOM HENTPOHHO-MIOTHOCTHOIO
kapoTaxxa adnVISION475 B kapboHATHOM paspese.
BbinosHeHO NpsMoe conocTaBNeHne N3MepsiemMblx
napameTtpoB. ConoctaBneHne metogos [TKnn, HHKT,
ViMoo, KaBepHomep 13 namat o6omx npnbopos
nokasas CXOAMMOCTb B NMpeaenax nacnopTHON
norpeLHoCcTU namepernn (Puc.1). ConoctaBneHne
nacnopTHbIX XapakKTepUCTVK NPUB0OPOB NpeaCTaB/EHb!
B Tabauue 1.

Ha TekyLwmin MOMEHT onncbiBaemMasi TEXHONOMs
YCMNELWHO npuMeHeHa npu dypeHunn 6onee 20 CKBaXKnH
(OBYXKONOHHOW 1 TPEXKONOHHOW KOHCTPYKLMM)

Ha ob6bekTax MAO «HK «PocHe®Tb» B ABYX Tunax
pasmepos LWD121 n LWD172.

[MpuMmeHeHe pagnoakTUBHbBIX MCTOYHVKOB B
npubopax LWD komnaHum SHeprug TpedyeT
COBMAEHNS BbICOYANLLINX CTaHOAPTOB 6€30MacHOCTH
0715 COXPaHEHUS XXU3HU 1 300POBbS MOEBOrO U
TEXHUYECKOro nepcoHana. MmpoBble cTaHOaPThI,
NPOoLEOYPb! 1 TEXHUYECKNE PELLEHNS NO 0BpaLLEHNIO
C PaanNoaKTUBHbIMW UCTOYHKKAMU MPUMEHNTENBHO K
poccunckomy npnbopy LWD HaxogaTtcsa Ha pasnnyHbIxX
aTanax BHEOPEHUNS B ONepaLNOHHYO OeATENbHOCTb,
BKJ/IHOYASH KOHCTPYKTUBHbIE U3MEHEHNS B AN3alH

www.rogtecmagazine.com

LWD Tools must comply with the highest safety
standards to ensure employees health and safety.
Standards, procedures and technical decisions

for handling radioactive sources used in nuclear
tools are now at different deployment stages.

Also, modifications in the tool’s design are being
implemented together with tool’s manufacturer.

For example, neutron source plugs and handling
tools have been modified for faster source handling
operations and reduced personnel exposure time,
the tool’s stabilizer wear resistance has been
increased with the addition of laser cladding, the
organization of the calibration facility and the
calibration methodology optimization was improved,
as well as the creation of regular equipment
verifications and source integrity and photo
inventory auditing.

Special training programs for field and technical
personnel were organized at the Schlumberger
Training Center, Tyumen, together with CJSC NPP
Energia. In addition, a special knowledge repository
was created, which consolidates technical information
on the NPP Energia LWD tool, including the most
recent updates on procedures, firmware, technical
regulations, lessons learnt on failures and other
important information.
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nprbopa, BbINOJIHAEMbIE COBMECTHO C 3aBOAOM
n3roToBuTENEM. Hanpumep, n3MeHeHne KOHCTPYKLN
3arnyLwKy nocagoyHoOro MecTa NCTOYHMKOepKaTens,
NepecMOTP NHCTPYMEHTa O 3arpy3Kn/BbIrpy3KM
NI ons yCKOpeHUs onepauui 1 CHYXEHWIO BPEMEHN
061y4eHns nepcoHana, yBenamydeHne n3HOCOCTONKOCTH
KanmbpaTtopa npubopa MeTO40M 1a3epHOM HamnIaBKU,
opraHmsauus KanmbpoBOYHOrO Lexa 1 noabop
onTUMasIbHOM METOAONOMMN KannbpoBKK, CO3aaHmne
YCTAHOBKW O PeryaspHOM MOBEPKM LEeNOCTHOCTY
NCTOYHNKOB 1 X (POTONHBEHTAPU3ALIMN.

Ha 6aze Cubupckoro YuebHoro LleHTpa LLnombepxe
B ropoae TioMeHb Npuv nognep»xke komnanum HIrl
OHeprnsa opraHM3oBaHbl crneyyansHble MPOorpamMmel
00y4eHNsa NONEBOro 1 TEXHNYECKOro nepcoHana

nna obecnedeHns HEOOXOOMMbIX KOMMETEHLNN
COTPYAHMKOB, paboTatoLlmx ¢ obopygosaHuem LWD
HIM SHeprun. Co3paH nopTasn, KOHCOMONPYOLN
TEXHNYECKYIO MHopMaunto o npubope LWD
komnaHun HIIM SHeprug, BkAoYas camMmble CBEXME
06HOBIEHVS MpoLeayp, NPoWnBoK MO, TEXHNYECKNX
pPernaMeHTOoB, U3Y4YEHHbIX YPOKOB MO OTKasaM
apyras BaxHas nHopmauyms.

YcnewHoe ncnonb3oBaHue npnbéopos
LWD172-2HHK-I'TKJ1IM-3INK u TexHonorum
MHOronJlactoBoro KapTupoBaHua Ha
CKBa>XKMHE C OBYXKOJIOHHON KOHCTPYKLIMEN
MAO «HK «PocHedTb»

[Mocne ycnewHbix paboT ¢ npubopom 2HHK-ITKJIM-
LWD-121 (4.75”) NpuHATO peLleHne oTpaboTaTb
TEXHOIOMUIO ANS BypeHuss 06nerYeHHbIX KOHCTPRYKLNIA
ckBakmH OO0 PH-KOraHckHedTeras. B ckBaxkmHax
TaKUX KOHCTPYKUMI 9KCMJlyaTauMoHHas KOJIOHHa

N XBOCTOBUK KOMOWHMPYIOTCS B OfHY KOJTOHHY U
cnyckaroTesa BMecTe. Cekups noa KOMOVHUPOBAHHYHO
KOJIOHHY BypuUTCsa 0gHUM OonbneHvem. 4 despand
2021 roga 6b10 3aBePLUEHO OypeHVe NePBOW
CKBaYKMHbI ABYXKOJIOHHOW KOHCTRYKLMM C MPUMEHEHNEM
POCCUNCKOro Npmbopa HENTPOHHO-MAOTHOCTHOIO
kapotaka LWD172-2HHK-ITKJIIM-3I'K coBmecTHO €
NPVBOPOM MHOFOMIACTOBOIO KapTUPOBaHWS paspesa.

B pamkax ucnbiTaHuin 6bi1a nocTaBieHa
3agava npobypunTb OBNENYEHHYIO 2-X KOJTOHHYIO
KOHCTPYKLMIO CKBaXWHbI C FTE0NOMMYECKUM
conpoBoXxaeHnem B nnacte KOC2 Ha ogHOM 13
mecTopoxaeHun OO0 «PH-KOraHckHedhTeras».

2-X KOJIOHHasa KOHCTPYKLIMSA COCTOsiNa U3 CNedyoLmx
CEeKUNM OTKPbITOro cTBOMA:
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Successful Deployment of LWD172-2NNK-
GGKLP-3GK Tool Together with Multilayer Bed
Boundary Detection Tool for Drilling Two-
String Wells at a Rosneft Field

After successful jobs with Russian neutron density
tools for a three-string well it was decided to apply
this experience when drilling a two-string well at RN-
Yuganskneftegaz field’s. In such wells the production
casing and liner are combined in one casing and are
run together. The section for combined casing is drilled
in one bit run. On the 4th of February 2021 the first
two-string well using a Russian neutron-density tool
and multilayer bed boundary detection tool was drilled.

The objective was to drill a two-string well in the
oilfield of LLC «RN-Uganskneftegaz» (Jurassic age
formation) with geosteering.

The two-string well was composed of the following

open hole sections:

e 11 5/8 inch section [295,3mm] for conductor
casing till 1137m MD (measured depth)

e 8 11/16 inch section [220,7 mm] for combined
casing till 4411m MD

Total length of 220.7 mm HS interval was 3274m.
Section was drilled within one bit run. Oil based mud
(OBM) with a density of 1.32 g/cc was used.

As mentioned previously, drilling two-string wells
reduces the well construction time by 7 days on
average compared to a three- string well.

There were two main objectives when drilling this well:
Petrophysical: oil reservoir rock characterization while
drilling. The volume and quality of the data should be
high enough for a reliable localization of the productive
intervals and the well completion design.

Geological: real-time geosteering. The objective was
to proactively adjust the well’s trajectory to achieve
the optimal position within the best section of the
reservoir. The data should help proactively assess the
structure and well’s location relative to the productive
and unproductive layers.

e The petrophysical objective was achieved by a set
of azimuthal bulk density and neutron measurements
from the LWD172-2NNK-GGKLP-3GK tool, while
the gamma-ray and resistivity measurements were
obtained from the bed boundary detection tool.
Based on the available petrophysical sediment
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e Cekupa 11 5/8 gronma [295,3 MM] ANg TEXHUYECKOM
KOJTOHHbI A0 rny6buHbl 1137 mMeTpoB

e Cekupa 8 11/16 gromma [220,7 MM] ons
KOMOUHUPOBAHHOM KOMTOHHbI A0 FyOuHbl 4411
METPOB.

OnunHa nHTepBana bypeHus gnameTpom 220.7 MM
cocTtaBuna 3274 m. Cekuus bbiia NnpodbypeHa 3a 0gHO
non6bnenve. [ng 6ypeHus MCNONb30BasCa PacTBOP Ha
YyrNeBogopoaHOM OCHOBE MAOTHOCTLIO 1.32 r/cm3.

Kak 6b110 CKa3aHO BbILLE, CKBaXKMHbI C ABYXKOJTOHHOW
KOHCTPYKLWEN BbIUMPLIBAIOT B CpeaHeM 7 OHEN OT
CpoKa CTPOUTENBCTBA CKBaXKMH C TPEXOKOHHO
KOHCTPYKLMEN.

B paccmaTtpurBaemMon ckBaxkMHE Nepen annapaTypown
NC B npouecce BypeHns Bbiny NOCTaBAEHbI 2
OCHOBHblE 3aa4u:

e [leTpodumanyeckad: onepatusHasa oueHka OEC
nopoa-KONEKTOPOB B NpoLecce bypeHns. O6bem
1N Ka4eCTBO MoJly4aeMoit MHopMaLMK OOKHbI
ObITb 4OCTATOYHBIMI AN JOCTOBEPHOWM
nokanusaumm NpoayKTUBHbIX MHTEPBASIOB U
Ou3alrHa 3aKaH4YMBaHMS CKBaXKMHbI.

model, it was possible to perform the formation
evaluation of the YUS2 reservoir in real time. The
existing complex made it possible to reliably
estimate the porosity, permeability and water
saturation coefficients in reservoir conditions. The
Russian nuclear tool memory data compared to its
data in real time is presented in Figure 2.

e The geological objective was defined by the complex
reservoir structure of the target layer YUS2, confined
to the Tyumen suite. This layer is characterized
by the lateral variability of rocks and is represented
by alternating sandy-silty rocks and shales. Despite
the relatively large reservoir thickness, the effective
thickness varies and can be as low as 2-4m. Thus,
it is very important to ensure high-quality
geosteering in the horizontal wellbore. The horizontal
section was designed in the direction of the wing
of the structure. Consequently, continuous bedding
monitoring was required to ensure efficient reservoir
penetration.

This objective was achieved with the help of density
image measurements from a nuclear tool and
directional electromagnetic measurement inversion
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Fig. 2: Comparison of Russian-made nuclear tool memory data with its data in real-time at the ailfield of LLC «RN-Uganskneftegaz»
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e [eosiornyeckas: ConpoBOXAEHNE TPaeKToOPUn
CKBaXXVHbl B peasibHOM BpeMeHu. 3adada cocTosana
B MPOAaKTMBHOMN KOPPEKTUPOBKE TPAEKTOPUN
CKBaXXVHbI /11 €6 pPacnosioKeHUs B UHTepBasie
Hany4LLNX KOJIIEKTOPCKMX CBOMCTB. MNMonyyaemas
NHopPMaUns Ao/PKHA NoOMoraTb OnepaTuBHO
OUEHMBATb NOJIOXKEHNE CTPYKTYPbI 1 PaCTONOXEeHMe
CKBaXXVHbl OTHOCUTENIbHO MPOAYKTUBHbIX 1
HeMpPOOYKTVBHbIX MPOMIaCcTKOB.

[NeTpoduranyeckas 3agada pellasacb KOMMIEKCOM
N3MepPEHN asnMyTaibHON 06 bEMHOW MAOTHOCTU
MNOPOA 1 BOOOPOA0COAEpXaHMEM OT npubopa
LWD172-2HHK-TTKJTM-3IK, nokasaHus
raMmMa-kKapoTaxka W yAesbHbIX 91EKTPUYECKIMX
COMPOTUBEHUI PEFUCTPUPOBAIUCE NPUOOPOM
MHOronJacTOBOrO KapTMPOBaHNA pa3pesa. Ha
OCHOBaHUM NMEKLLIENCS METPOMUINYECKON MOOENN
otnoxeHun cneumanuctel MAO «HK «PocHehTb»
CMOI/IN B PeasibHOM BPEMEHN OLEHNBATb
pmnbTPaUmMoHHbIE CBOVCTBA KOJIIEKTOPOB MacTa
KOC2. MImetoLLmics KOMMIEKC MO3BOUA OOCTOBEPHO
OLEHUTb KO PULMEHTBI MOPUCTOCTU, NMPOHNLAEMOCTH
N BOOOHACHILLLEHHOCTY B M1aCTOBbIX YC/I0BMAX. Ha
PucyHke 2 npeacTaBneHo conocTaBieHne AaHHbIX
MC npubopa LWD172-2HHK-TTKJITM-3INK B peasibHOM
BPEMEHM 1 N3 NamMAT NPUOOPOB.

feonornyeckyto 3agady o0yCcrnaBnBaeT CIIOXHOE
CTPOEHME KOMIEKTOPOB LeneBoro naacta KoC2,
MNPUYPOYEHHOTO K TFOMEHCKOW CBUTE. [aHHbI nnacT
XapakTepnadyeTca narepasnbHON N3MEHYNBOCTHLIO
MOPOA 1 NpefcTaB/ieH YepeaoBaHnem necyaHo-
aNeBpPUTUCTBIX MOPOA 1 aprninToB. HecmoTps

Ha OTHOCUTESTbHO BO/IbLLYKD MOLHOCTbL NiacTa,
ahheKTMBHAA MOLLHOCTb CUJIbHO BapblpyeTCS

N MOXEeT COCTaBNATbL BCero 2-4 M. B Takux
YCNOBUSAX 0B6ECNEYEHE KAYECTBEHHOW MPOBOAKMN
FOPU30HTAIBHOrO CTBOJIA ABISETCSH BaXKHOM
3apadven. bypeHne ropnaoHTanbHOM CexkLUmm BbINo
3anpoOeKTUPOBaHO B HAMpPaB/IeHUM Kpbliia CTPYKTYpPbI,
Kak CrneacTBMe HeOOX0OMM HEMPEPbIBHbIM KOHTPO/b
3aneraHus nnacta, ons obecnedveHns apPeKTUBHOM
NPOXOAKM MO KOMIEKTOPY. OTa 3agada bbiia pelleHa
NPUMEHEHNEM VU3MEPEHUN Pa3BEPTKY (MMUAKA)
nnotHocTn (LWD172-2HHK-TTKJIM-3K) 1 nHeepcun
HanpaBJ/IEHHbIX 31IEKTPOMArHUTHbIX N3MEPEHW
nprbopa MHOrOMIaCTOBOrO KapTUPOBaHUS

rpaHnL . 3a cHeT MMuapKa naoTHOCTU OLEHNBAsCS
yroJ 3a5ieraHns CTPYKTYpPbl, & C MOMOLLbIO

NHBEPCUN — PACCTOSHUN A0 FPaHunL, NaacToB.

Takxe TpaccupoBaHue rpaHuL, kKapTorpagpom
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from a multilayer bed boundary detection service.
Density images helped to define the formation’s dip
angles and the inversion helps define the distance

to the bed boundaries. In addition, tracing the bed
boundaries using the boundary detection tool can also
be used to estimate dip angles. This allows to evaluate
the quality of the density image interpretation by
comparing the different measurements and providing
the conclusion about the application of the density
images for geosteering. The comparison of inversion
data from multilayer bed boundary detection tool and
interpretation of density images in real time showed
good convergence of the calculated dip angles (Fig. 3).
This means that quality of density image data from the
Russian neutron-density tool is considered satisfactory
for geosteering. All measurements were available in
real time due to connection of the nuclear tool with a
high-speed mud-pulse telemetry.

Both objectives were successfully achieved. The set
of measurements helped to demonstrate not only

the ability to determine the reservoir rock properties
in real time, but also the possibility of geosteering
using density images dip interpretation in real-time.
The combination of LWD172-2NNK-GGKLP-3GK

and multilayer bed boundary detection tool would
improve net-to-gross (NTG) to 25% in same formation
environment.

Density Image

The geological objective was successfully achieved,
among the other things, due to the measurements
of the density image. Density images provides an
outline of the measured properties changes along
the circumference of the well. This data is extremely
important for geosteering, because it provides
information about the dip angles of the structure.
Image measurements are not just a simple integral
parameter, but an array of data.

It's crucial to transmit such a significant amount of data
to the surface reliably. This objective is traditionally
achieved using a combination of two solutions - the use
of high-speed downhole telemetry (> 4 bit / s) and data
compression algorithms. Image arrays are presented in
16 channels. Each channel (sector) represents a density
value with an angle of 22.59. To compress such arrays a
Discrete Cosine Transform (DCT) algorithm is used and it
is similar to JPEG compression.

Array fragments of 16x16 pixels were taken, encoded
and divided into packets, which are transmitted in
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No3BOSISAET OLEHUTb Yo
3aneranvga. 9to gaet
BO3MOXXHOCTb OLIEHUTb

Ka4yeCcTBO NHTepnpeTaLum
MJIOTHOCTHOIO VMNOKA,

3a CHeT CconocTaBsieHWs

NHopmMauu, Nosy4yaemMon

PasHbIMN N3MEPEHUAMM,
n coenatb BbiBO[,

O MPUMEHUMOCTU
MJOTHOCTHOIO MMUOXKA
019 TeoHaBUraLum.
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Yron NaoeHKA No HHBEPCHKW
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Kposnsa naacra HOC2

i 3.8° UHeepcua

®aKTuyecKan
TpaeKTopuA

3TUM Ka4eCTBO OaHHbIX
NMUIKA MAOTHOCTU
npubopa LWD172-2HHK-
[MKIJM-3IK cyuraetca
yOOBNETBOPUTESIbHBIM
019 Uuenen reoHaBuralmm.
Bce namepenuns 6e111 gOCTynHbl B peasibHOM
BpemMeHu barogaps conpskenuto npubopos I'VIC ¢
BbICOKOCKOPOCTHOW rMAROUMMTYIbCHOM TeNEMETPUEN.

tool measurements inversion

O6e nocTaBneHHble 3aa4m Oblv YyCNeLHO
BbINOJIHEHbI. Bnarogaps KOMNIeKkcy n3aMepeHumn
NPOAEMOHCTPVPOBAHA He TOJIbKO CMOCOBHOCTb
onpepenerna GEC nopopf B pexxumMme peasibHOro
BPEMEHM, HO 11 BOSMOXXHOCTb reOHaBuraumn ¢
MOMOLLBIO MHTEPNPETALMN MAOTHOCTHOrO UMUK,
KombuHauywsa npmnbopos LWD172-2HHK-TTKJIM-3IK n
MHOronJ1aCTOBOrO KapTUPOBaHNA pa3pesa, NO3BOINT
YBENNYUTBb NPUPOCT 3PMEKTUBHOM NPOXOAKN MO
KONNekTopy Ha 25%.

Nmnpg>x NnnoTHOCTH

YcnelwHoe BbINOSIHEHWE ME0IOMMYECKON 3a4a4um
Ob1S10 0OYCIOBNEHO, B TOM YUCSIE, N3MEPEHUSAMU
NJOTHOCTHOro nMmnaka. VMoK (passepTtka
N3MepPEeHN) gaeT NpeacTaBiieHne 06 N3MEHEHUN
N3MEPSEMbBIX CBOMCTB MO OKPYXXHOCTWN CKBaXKMHbI.
ST cBeOeHNS KparHe BaxKHbI MNPV re010rMYEeCKOM
COMPOBOXAEHWM, MOTOMY YTO AatoT MHOPMaLMIO
00 yrnax Hak/ioHa CTPYKTypbl. MIdameperns nmmnoxxa

www.rogtecmagazine.com

Puc. 3: ConocTaBnenne nHTepnpeTaumm yriaoB 3aneranmsa no umnapky LWD172-2HHK-TTKJIM-3IK n
VNHBEPCUIN TEXHOMOMM MHOMOMIACTOBOrO KapTUPOBaHWS

Fig. 3: Comparison of dip angles derived from nuclear tool image interpretation and boundary detection

a row via downhole telemetry. This increases the
information compression efficiency several fold.

During the implementation of Russian radioactive
tools, the project team faced the absence of built-in
density image compression algorithms. Implementation
takes resources and time. When the compression
algorithms are absent in real time, all channels have to
be transmitted as separate curves, which will inevitably
lead to insufficient real time data density.

At the initial stage of the neutron-density tool’s
implementation, an interesting solution was proposed
that made it possible to transmit an acceptable
quality of the density image without the need for
compression algorithms. To implement the transfer
of the density images without compression, it was
decided to optimize the array itself. In other words,
it was necessary to reduce the size of the array to a
minimum. At the same time, the minimum size must
be sufficient to fulfil the geological objective — the
estimation of structure’s dip angles in the drilling
direction. The optimization was conducted step by
step and the result was controlled at each stage:
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— 3TO He NPOCTOW MHTErpasbHbI NapamMeTp,

a MaccuB gaHHbIX. BaxkHom 3agaden asnseTcs
OOCTOBEPHO MepenaTb CYLIECTBEHHbIN OO6BbEM
OaHHbIX ¢ 32605 Ha MOBEPXHOCTb. JTa 3agada
TPagVUMOHHO BbIMOIHAETCS C MOMOLLBIO KOMOUHALMN
OBYX TEXHOJIOMMYECKUX PELLEHU — NCNOIb30BaHME
BbICOKOCKOPOCTHbIX 3aO0MHbIX TeNecnucTem (>4
OuT/C) 1 anropuTMOB CxaTuga. Maccus nMmmopka
NJOTHOCTU NpeacTaBsieH B BUAe 16 KaHaoB.,
KaXkObl N3 KOTOPbIX NPEACTaBASET 3HAYEHNE
NJIOTHOCTU U3 CeKTopa pPas3BepTKU C yriiom 22.59,
MMpn cxaTnn Takoro Maccrea NCnob3yeTcs
anroputm DCT (Dual Cosine Transformation),
aHaIoMMYHbIA anropuTMy CXaTuns U3o06parkeHuin
JPEG. lNpu aToM b6epeTca hparmeHT maccrBa 16x16
nrKcenen, KOAUPyeTca 1 pasbrBaeTcsa Ha NakeThl,
KOTOpPblE MOOYEPEOHO NepenaeTcy Yepes 3ab0MHy0
Tenecuctemy. [JobuBaeTcd apPeKTUBHOCTb CKATUA
NHoOpPMaL B HECKOJIbKO pas.

Mpw BHegpeHun npubopa 3AO «HIMIM SHeprus»
KOMaH4a CTOJIKHY/1laCb C OTCYTCTBMEM BCTPOEHHbIX
aNIrOPUTMOB CXXaTus UMUAPKa NNOTHOCTU. BHeopeHne
TpebyeT pecypcoB 1 BpeMeHu. [pu OTCyTCTBUM
aNIrOPUTMOB CXXaTuUs MPUXOAUTCS NepeaaBaTh BCe
KaHanbl B BUOE OTAENbHbIX KPMBbIX, YTO HEMUHYEMO
npuBeneT K HEAOCTATOYHOM MAOTHOCTM AaHHbIX B
peanbHOM BPEMEHM.

Ha Hava/bHOM 3Tane NPOMbILLIEHHOIO
NCNOb30BaHUS ObI10 NPEANIOMKEHO NHTEPECHOE
peLleHne, KOTOpOoe NO3BONNAO NepeaaBaTb
NPUEMNIEMOE Ka4eCTBO UMMAXKA MSIOTHOCTU 6e3
anropuTMOB cxXatud. 9 peanusauuv nepenadm
NMUOXKa NAOTHOCTN 6e3 cxaTns ObINO PeLeHo NaTu
no nMyTW ONTMMMU3aLMM caMoro Maccuaa. [Jpyrumm
cnoBamm, HeobXoaNMO YMEHbLINTL pasmep mMaccuea
00 MUHUMabHOro. Npy 3TOM MUHUMasbHbIA PasMep
0643aTenbHO AO/MKEH YOOBAETBOPATh YCIOBUIO
BbIMOJIHEHUSA MOCTaBIEHHOW 3a4a4u — OLUEHKM yria
3aneraHns NaacToB B HanpaBneHnn BypeHus.
OnTuMKM3aLms BbINOHAAACh MO3TAMHO C KOHTPOJIEM
pesysibTaTa Ha KaXgoM aTane:

1 31an. YMeHblleHne CekTopHOCTM ¢ 16 0o 8
CEKTOPOB. [103BONNT YMEHBLLUTL Pa3Mep MaccriBa B
2 pasa.

2 3tan. CHWXeHne pasmepa Uam BUTHOCTU
nepenaBaemMoro 3HaveHus. MosBoann
ONTUMN3NPOBATL pasMep NepeaaBaeMoro napameTpa
eule B 2 pasa: ¢ 8 go 4 out. OnTuMmnzaums GUTHOCTH
Oblyla OCTUHYTa CY>XEHVEM Arana3oHa N3MepPEHNi
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Step 1. Reducing the sector size from 16 to 8 sectors.
This allowed a reduction in the size of the array by 2
times

Step 2. Reducing transmitted value size (or bitness).
This allowed optimization of the size of the transmitted
parameter by two times more: from 8 to 4 bits.
Optimization of bitness was achieved by narrowing the
measurement range and reducing the measurement
discreteness. To be precise, if we have in mind the
idea of the expected measurement range, then there
is no need to reserve all possible density values, but to
narrow the range by reducing the bitness.

To reduce the discreteness, the principle of practical
sufficiency was also used. It is necessary to have
such discrete values so that the layers can be
identified on the log. In other words, if the layers are
sufficiently contrasting, then there is no need in having
too sensitive image - the processing result will be

the same.

This allowed a 4 fold reduction in the amount of
transmitted data whilst still achieving the same

quality of the compressed image. All mathematical
transformations are conducted in real-time in the
connection module, which was mentioned earlier in the
article. An image optimization example is presented

in Fig. 4 The solution satisfied the objectives,
nevertheless the next step was to implement the
density image compression algorithms to be able to
transmit 16 sector density images in real time.

It is worth mentioning that at the time of writing this
article, a 16-sector density image real time solution was
tested and implemented while drilling two-string well.

Results

When deploying new geophysical equipment the
primary objective is to evaluate the data quality and
confirm the declared characteristics. The radioactive
tools manufactured by CJSC NPP Energia have
successfully passed the comparison test against their
foreign analogs.

An integrated approach for drilling two-string wells
using Russian technology and multilayer bed boundary
detection tools ensured that the well construction

time was optimized and improved the KPIs. The main
results and conclusions are the following:

1. The first successful independent run using a
Russian nuclear tool in real time, for a two-string well
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0.1 m, 16 cekTopos, LLlar 0,25 m

Initial bulk density

VicxopHbIl MUK 13 NamsiTi
npu6opa 16 cekTopos, LLiar
image from memory,

Step 2. 8 sectors, 0.256m
step (Emulation of binning
degradation)
[vanasoH 2-2,7 r/cm3
Step 3. 8 sectors, 2-2.7g/cc
il range, 8 bits (Density range
Step 4. 2-2.7g/cc range,
1 5 bits (Density increment

KopvposaHue 8 6ut
[AvianasoH 2-2,7 r/cm3

KopuposaHue 5 6ut
[vanasoH 2-2,7 r/cm3
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16 cekTopoB
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Puc. 4: MpyMep CTyneHYaTolr onTMN3aLIA UMIKA MIOTHOCTY /1S
repenaqvs B peasibHoM BpemMeHn 663 1Cnosb30BaHNsa anropyTMOB
oxats

Fig. 4: Step-by-step density image optimization for real-time
transmission without using compression algorithms

V1 CHUDKEHNEM OUCKPETHOCTU U3MEPEHUIN. A NMEHHO,
€Cnn eCTb NpeacTaBneHns 06 OXnaaeMoM ananasoHe
N3MEPEHUI, TO HET HEOBXOOUMOCTU PE3EPBNPOBATL
3HAYEHMS NMJIOTHOCTN BCEX BO3MOXXHbIX OTJIOXEHNN, a
Cy3UTb AManasoH, YMEHbLLUVB BUTHOCTb KOHTENHEpPa
ONa nepefayvy naketa gaHHbIX. s CHyKeHns
OVNCKPETHOCTW Bbl/1 TaKXKe MCMONb30BaH MPUHLAM
NPaKTUYECKON OOCTATOYHOCTK. HeobxoamMmo MMeTb
TaKyto OMCKPETHOCTb 3HAYEHWI, YTOObI NPONIACTKMY
MO ObIThb BblAENEHbI HA pa3BepTKke. Jpyrumn
cnoBamu, eCam NPONNacTky OOCTATOYHO KOHTPACTHbI,
TO HET HMKAKOro CMbICNa UMETb U3ObITOYHO
4YYBCTBUTENBHbIN UMUK — pedynbTaTt 06paboTku
OyneT aHaIOrnYHbIMN.

Taknm 06pasomM yaanochb CHU3UTb 0OBbEM
nepenaBaeMbl JaHHbIX B 4 pasa, 4YTo NO3BONMIO
NPNBAN3NTCA K 3HAYEHNAM CXaToro Mmmnoxka. Bee
MaTemMaTnyeckme Nnpeobpa3oBaHns BbIMOTHAOTCS B
coegunHnTeNnsHOM Moayne nponasoacTea «FEQOUT».
[MpuMmep oNTUMM3aLMn UMUOXKa NPeacTaBAEH Ha
PucyHke 4. XoTsa pelueHne 1 yaoBNeTBOPSET TEKYLLNM
3afadvam, CneayolmM aTanom paboThl ABNFETCS
BHEOPEHME aNnrOPUTMOB CxaTus 4159 MMuoKa
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was performed without using a foreign back-up analog
in the same BHA

2. Radioactive logging tools LWD172-2NNK-GGKLP-
3GK (6 «) and LWD121-2NNK-GGKLP (4.75») are
fully compliant with the required characteristics. Their
deployment can be scaled up for a wide range of
industrial use.

3. Proactive geosteering using a Russian radioactive tool
and multilayer bed boundary detection service, while
drilling wells at the oilfield of LLC «RN-Uganskneftegaz»,
can potentially increase the NTG by 25%.

Conclusion

Russian localization in the oil and gas industry is
developing smoothly and it is a natural process that
enables cost savings and a reduced dependence on
any imported equipment. It also helps to bring the
production capacities closer to the customer and
create new local products that meet and exceed the
requirements of the Russian market.

The NPP Energia nuclear logging tool in the BHA
is a vivid example of the symbiosis of the best
Russian solutions and advanced Schlumberger
technologies, which helps implements the program
of import substitution and localization in the oil and
gas industry in Russia. Since this radioactive tool
was successfully deployed, the Russian drilling
market has obtained a fully domestic triple-combo
BHA which is aiming to expand accessibility and
efficiency of high-tech drilling service for Russia-
based oilfield companies.
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NAOTHOCTHOrO KapoTaxka 3A0 «HIMIM SHeprug» ¢
Lesbto nepefadn 16 CEKTOPHOro UMUOXKA B
peaslbHOM BPEMEHM.

CTOUT OTMETUTL, YTO HA MOMEHT HanncaHus gaHHON
cTaTby OblST YCAELWHO NPOTECTUPOBAH U pean3oBaH
npouecc nepepa4n 16 CEKTOPHOro nMmoyka
MJIOTHOCTM B NpoLecce BypeHns aNng CKBaXKMHbI C
OBYXKOJIOHHOW KOHCTPYKLEN.

Mony4veHHble pe3ysibTaTbl

[NepBOCTENEHHOW 3ada4en HavyaibHOW CTaammn
NPUMEHEHMS HOBOIO reon3nyeckoro o6opyaoBaHns
ABSETCS OLIEHKA Ka4ecTBa U3MEPEHNI 1
NOATBEPXKAEHNE 3asBIEHHbBIX XapaKTEPUCTUK.
Mprbopbl paanoakTMBHOro kapotaxka 3A0

«HIM SHeprug» ycnewHo NpoLwv npoueaypy
COMOCTaB/EHUS C 3anafHbIMV aHaoramu.

KoMnnekcHbIn noaxon, K OypeHnto 2-xX KOJTOHHOM
KOHCTPYKLWM CKBa>KWNHbI C MPUMEHEHUEM POCCUNCKOMN
TEXHOIOMUM 1 MPMBopa KapTUPOBaHWS 06eCcneydns
OMNTMMM3ALMIO BPEMEHU CTPOUTEBCTBA CKBAaXKMNHbI U
yaydlleHne Npon3BOACTBEHHbIX MokasdaTenen. Cpeaun
OCHOBHbIX Pe3y/1bTaTOB U BbIBOJOB MOXXHO BbIAEINTb
cnepyroulee:

1.TMpoBeeHO NepBoe YCMNewHoe caMOCTOATEIbHOE
npumMmeHeHne npuobopa LWD172-2HHK-TTKJIM-3IK B
peaslbHOM BPEMEHM Ha ABYXKOJIOHHOW CKBaXKMHE 6e3
NOOCTPaxOBKU 3apybexXHbIM aHaTOroMm.

2. Mpurbopbl paanoakTMBHOro kapoTaxka LWD172-
2HHK-TTKIM-3INK (6”) n LWD121-2HHK-TKJIM (4.75”)
nponasoactsa 3A0 «HIMI SHeprg» NONHOCTbIO
COOTBETCTBYIOT 3a9BJ/IEHHBIM XapakTepucTnkam. Kx
NCMOIb30BaHNE MOXET ObITb MacLUTabMpPOBaHO A4
LUMPOKOrO MPOMBILLIEHHOTO MPUMEHEHVIS.

3.TlpoakTnBHas reoHaBuraLms ¢ NpPUMeHeHeMm
npuéopoB LWD172-2HHK-TTKJIM-3IK n kapTorpacda
rpaHuy, nnacToB PeriScope HD npu cTpouTtenscTee
CKBaXKMHbI Ha MecTopoxxaeHun OO0 «PH-
KOraHckHeTera3» NoTeHUMaIbHO CNOCOOHa YBENNYNTD
3P PEKTVBHYIO MPOXOOKY MO KONNEKTOPY Ha 25%.

3aksiroueHne

Jlokanusauus B HepTerasoBoM CepBmce OpraHnYHO
Pa3BNBAETCS U ABNSAETCA eCTECTBEHHBIM MPOLECCOM,
MO3BOJIAOLLMM CHWKaTb 3aTpaThl, COKpallaTb
3aBMICUMOCTb OT paHee BBO3MMOIro MMMOPTHOIO
obopynoBaHns, NMPUbMXKaTb NPON3BOACTBEHHbIE
MOLLIHOCTHM K 3aKa3d4uKy 1 cO3haBaTb HOBbIE
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3. Presentation «L.ogging while drilling using
LWD121-2NNK-GGKLPand LWD172-2NNK-
GGKLP-3GK tools developed and manufactured
by NPP Energia for calculation of oil and gas
reserves» Chermenskiy V.G., Emelyanov A.V.,
Mezhenskaya T.E., Vorobyev A.N. (OOO NPP
Energia)) Velizhanin V.A., Kryuchatov D.N.,
Isyangulov R.U. (OAO “Kogalymneftegeofisica”)
https://power-np.ru/f/nvs_lwd_energy_sept_2019.
pdf

4.Sakhalin Energy Investment Company used
first in project history Russian PDM. http://www.
sakhalinenergy.ru/ru/news/5937/

OoTevyecCTBEHHbIE MPOAYKTbI, MaKCMalbHO
oTBeHaruine TpeGOBaHI/IﬂM pOCCVII7ICKOFO PbIHKa.

Mprbop pagnoakTNBHOIrO KapoTaxa koMmnaHum HIM
OHeprng B cocTaBe LUMPOKO npumeHsemyto KHBK-
3TO APKUIA NpUMeEpP CUMBMO3a NyYLLNX OTEYECTBEHHbBIX
OOCTVDKEHNI 1 MepefoBbIX TEXHOMOMMYHbIX
paspaboTok «LLintombepxe», peannayoLnin
nporpamMMy MMNOPTO3aMELLEHUS 1 TIOKaIN3aLmm
HedTerazoBow oTpacnn Poccum.

Cnuncok nutepartypbl

1.1B€ CKBaXXMHbI BMECTO OAHOW — COKpaLLEeHne
CpOKOB bypeHus. CnoxHee — [Nybxe —

beicTpee» / P.P. TnHnatynnuH, B.B. Kupees,

E.KO. Mununeu [n ap.] // ROGTEC Poccuinckne
HedTerasoBble TexHonornm, — 2017. — Ne 48, — C.
14-22. https://rogtecmagazine.com/wp-content/
uploads/2017/04/01-Rosneft-Reducing-Drilling-
Time-Combined-Production-String-and-Multi-Stage-
Fracturing-Completions.pdf

2.PocHedTb. Nepexon Ha 06NeryeHHyro KOHCTRYKLNIO
CKBaXXWMH COKPAaTW1 BPEMS CTPOUTENbCTBA CKBaXKMH
Ha 7 gHen https://www.slb.ru/upload/iblock/da1/15_
dg_7732_integrated_rosneft_vankoskoye_rus.pdf

3. doknapn «[MprMeHeHre gaHHbIX KapoTaxka B
npouecce bypeHns C MCNONb30BaHNEM KOMMIEKCHbBIX
npubopos LWD121-2HHK-TTKJIM n LWD172-2HHK-
MKJM-3IK paspabotkn 1 nponssogctea OO0 «HIM
OHeprusa» onsa uenen nogcyeTa 3anacos»
https://power-np.ru/f/nvs_lwd_energy_sept_2019.pdf

4.Sakhalin Energy Investment Company used

first in project history Russian PDM. http://www.
sakhalinenergy.ru/ru/news/5937/
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