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Gazprom Neft: The Development and
Implementation of Remote Intelligent Subsurface
Hydrodynamic and Geophysical Monitoring

Systems

BeeneHune

PaboTa BbinosHeHa B 2012—2018 IT. B pamkax Lenesom
Hay4HO-TEXHNHYECKOW NPOrpaMMbl «[ a3npomM HedpT» ABYMS!
opraHmdaumsaMn: HayuHo-TexHndeckm LieHTpom «[fasnpom
HedbTK» (TeopeTUYeCKasd U METOAMYECKAd MOAAEPXKKA,
06paboTka 1 aHaM3 gaHHbIX, pa3paboTka NporpaMMHO-
anroputMmdeckoro obecneqers) 1 OO0 «[asnpoMHedTb-
XaHToC» (paspaboTka v BHeOPEHWE TEXHOIOMM, OMbITHO-
MPOMBILLNEHHOE ONPOBOBAHNE CKBADKMH).
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Introduction

The project was performed between 2012-2018 as a
part of dedicated science and technological program

of Gazprom Neft by two of its subsideries: The Science
and Technology Center of Gazprom Neft (theoretical and
procedural framework, data processing and analysis,
development of software and algorithms) in conjunction
with Gazpromneft — Khantos LLC (development and
implementation of technology, field well tests).
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SMART WELLS

MpoBeneHne rMOpPoOONHaAMUKO-
reodoM3nNyeckoro MOHUTOPUHra nNpu
pa3paboTke HU3KOMPOHML,aEMbIX
KonnekTopoB B Poccum n 3a py6erxom

[o HacTosLLero BpeMmenn B Poccum He 66110
onepaTyBHOW, HaOEXHOW, OELLIEBOWN YHBEPCASIbHOM
LMPPOBOV TEXHOMOMUM SPEHEKTUBHOIO KOHTPOSIA
aKcnnyaTaumm M MOHUTOPUHra A06bIBAKOLLX HEDTAHBIX
ckBaXkMH. Ocobble TPYAHOCTM B 3TOM HanpaBieHnn
BO3HWK/IM B MOCNEAHNE roabl, Korga HeTsaHbIe
KOMMaHUM NepeLLiv Ha MacCOBOE NMPUMEHEHME
BypeHns ropndoHTanbHbix CkBakmH (I"C), npoBeaeHmne
OBBEMHBIX MHOMOCTaAMMHbBIX MMAPOPAa3pPbLIBOB Niacta
(MI'PTT), paspaboTKy HU3KOMPOHNLAEMbIX KOIIEKTOPOB
C TpyaHoOU3BekaeMbIMy 3anacamm (TPU3),
COCTaBJ/IAIOLLMX B HACTOSLLEE BPEMS OOJbLLYIO HYaCTb
3anacoB yr/1eBOAOPOLHOMO ChIpbs.

DaKTNYECKM HE CYLLIECTBYET NMOA0OHbBIX YHUBEPCATBHbIX
TEXHONOTUI N 3a PYBEXKOM, TaK Kak CTOMMOCTb
paspadoTaHHbIX TaM BbICOKOTEXHOOMMYHBIX CUCTEM
CTaLMOHAPHOro YAa/IEHHOrO FrEOMOHUTOPUHIa
HaCTOJIbKO BbICOKA, YTO OHW UCMOJIb3YIOTCS

TONBbKO B €0MHWYHBIX CKBaXKMHAX Ha LLeNbdOBbIX
MECTOPOXXOEHWSX, padpabdaTbiBaeMbIX C MOPCKMX
naaTopMm.

B Poccun kaxxgas pobbiatoLas HedptsaHas

KOMMaHWs MbITaeTCs pelarb 3agady MoBbILLEHNS

3P PEKTNBHOCTM MMAPOAMHAMUKO-Te0DU3NYECKOIO
KOHTPOJIS padpadoTKy U MOHUTOPWHIA 00ObIHN C
NPYBNEYEHNEM PA3/INYHBIX TEXHUYECKMX CPEACTB, Kak
npaBusIo, ONMPasiCb Ha OBLLEN3BECTHBIE METOLVKM
VHTEPNPETaLMN 1 aHan3a, He NpeaHasHa4YeHHble
015 TNYOUHHBIX ONCTAHUMOHHBIX MH(OPMALIMOHHO-
nameputenbHbix cuctem (UC) n He aganTnpoBaHHbIE
nog HoBble 3afa4m. Kpome Toro, OTCyTCTBYIOT
COOTBETCTBYOLME hefepasibHble PYKOBOASLLME
OOKYMEHTBI.

Lnsg no4epHux CTpyKTyp «['a3npomM HeddTn»,

Ha o6bekTax KoTopbIx 0o1s TPV3 NocTosiHHO

pacTeT, UHTENNEKTYalbHOE 3aKaH4YMBaHNe

BbICOKOTEXHOIOMMYHbBIX CKBaXXMH, & TakxKe yaaneHHas

UdpoBas HenpepbiBHAA AMarHOCTNKA 3ab60MHbIX

napameTpOoB MOrm Gbl ObITb AaTb NONOXKNTENBHbBIN

2 dekT. HTOobLI peann3oBaTb AaHHbLIM NOTEHLWMAan,

HeobXxoaNMO:

® HaNTK CMOCObbI CHPKEHUST Pacxodo0B Ha
OBYCTPONCTBO CKBAXKUH MTyOUHHBIMK CTaLMOHaPHbIMY
NHMOPMaLIMOHHO-N3MEPUTENBHBIMI CUCTEMaMM
(CNNC);

* ONPefenUTb NOAXOAbl K U3BIEHEHWIO N3
N36bITOYHBIX, HA MEPBbIN B394, LMMPOBbIX AaHHBIX
ONCTaHLUMOHHOIO NEPMaHEHTHOrO FEOMOHUTOPUHIA

www.rogtecmagazine.com

Technologies for hydrodynamic and
geophysical monitoring of tight reservoirs
in Russia and abroad

A prompt, robust, cheap, and flexible digital technology
for the efficient control over the development and
monitoring of oil production wells has not existed

in Russia until recent times. This problem became
particularly challenging in recent years due to the
increased development by oil producers of horizontal
wells multi-stage fracturing and development of tight
reservoirs with unconventional reserves.

In fact, neither has similar universal technologies that
have been developed abroad — the cost of existing hi-
tech systems for permanent remote geo-monitoring is so
high that they are only implemented at selected offshore
wells that are being developed from platforms.

In Russia each oil producing company strives to increase
the monitoring efficiency of development and production
of their hydrodynamical and geophysical wells using
various means of technology. As a rule, they employ
generally known approaches to data interpretation and
analysis that are not suitable for subsurface remote
information and measurement systems (IMS) as neither
have been customized for this application. Besides the
corresponding state regulatory documents haven’t been
issued.

Subsidiaries of Gazprom Neft that face an increasing

share of unconventional reserves in their portfolios could

benefit from an intelligent completion system in hi-tech

wells and permanent remote digital monitoring of the

bottom-hole area. In order to realize this potential, it's

required to:

¢ Find a way to reduce the costs of equipping wells with
permanent subsurface information and measurement
systems.

¢ Define approaches to extract robust quantitative
data sets which are required to perform historical
matching of the hydrodynamic models for the well-
formation system out of seemingly redundant datasets
of permanent remote geo-monitoring.

Compliance with conditions specified above is essential
to maximize the economic benefits of digitalization and
optimization development, through the operational
management of the well life cycle. However, the goal of
equipping production wells with systems for permanent
hydrodynamic and geophysical monitoring is not limited to
digitalization efficiency and well diagnostics.

A crucial technological target is to reduce production

losses associated with the need for long downtimes in
productions that are required for carrying out geophysical
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B YMHbIE CKBAXK/NHbI

HaOEeXHbIX KONMMYECTBEHHbIX KpUTEpKUeEB, TpebyemblxX
ONs1 HACTPOWKIN COOTBETCTBYIOLUMX MOPOANHAMNYECKMX
MoJdenen Oas CUCTEM CKBaKMHa — naacT(bl).

YKasaHHble YCNoBUS HE0OXOAMMbI /1 NOs1yYeHus]
3KOHOMMYECKOrO ahdekTa OT LUmMdpPoBM3aLNN 1
onTMKU3aLmn pa3paboTKy NyTEM ONMepaTUBHOMO
ynpaBfenHns paboTom CKBaXKNH 1 naacTtoB. OgHako
uenb co3gaHus CUVIC yoaneHHo- ro HEMPEPbLIBHOMO
rMAPOANHAMUKO-reodn3n4ecKoro MOHUTOPUHIa
npv 0BYyCTPOMCTBE 3KCMyaTaLUMOHHBLIX CKBaXKUH HE
CBOANTCS TOSIbKO K AOCTVPKEHNIO MaKCMabHOWM
LUMdpoBmM3aLIMK 1 ONepaTUBHOCTY NPW NPOBEeASHUM
ONarHoCTVKM PaboTbl CKBaXKMH U M1acToB.

PeanbHOM TexHMYeCKown 3agadein CTaHOBUTCSH
YMEHbLLIEHME NOTEPL O0OLIYN NPOAYKLIMM, CBA3AHHBIX C
HeObXO0OVMOCTBIO AMTENBHBIX MPOCTOEB A06bIBAIOLLX
CKB&XXVH MPWY NPOBEAEHNN B HUX CTaHOAPTHbBIX
KOMMJIEKCOB MPOMbICN0BO-reodmamndeckux (M)

n rugpoaguHammdecknx (MAVC) nccneposannin,
npeanmMcaHHbix B PO AMUEH3NOHHBIMI COrTalleHUSIMU
1 henepanbHbIMX PErNaMeHTHbIMY OKYMEHTaMu C
Lenbio obecneveHns AOMKHOMO KOHTPOIS paspadoTKu.
PaccmoTpum OfivH 13 TUMMYHBIX aCMNEKTOB OAHHOM
npobnemsbl. [ng gOCTVKeHUsT TPEBYEMOrO COrflacHO
MOJIOXKEHMAM LENCTBYIOLLMX OTPACNIEBbBIX PYKOBOOSALLMX
OOKYMEHTOB YPOBHS nHdopmMaTneHocTu [ONIC
(nony4yeHne KONMYeCTBEHHbLIX OLIEHOK TekylLLiel (0a3oBoi
MPOHMLAEMOCTU, CKNH-PaKTopa Nprn3abonHOM 30HbI
nnacTa, YTOYHEHNE rEOMETPUN 3anexu, YYeT dakTopa
BJISIHUSI COCEHUX CKBaXKMH U Op.) AIMTENBbHOCTb
BbIHY>XOEHHOM OCTaHOBKM AO6bIBAIOLLEN CKBEXKMHBI MNP
NPOBEAEHNN TPAOULIMOHHOIO UCCNEA0BAHNS C 3anmChio
KpW1BOW BOCCTaHOBNeHs gaBneHus (KB) ons nnacTos
¢ abconoTHOM NpoHnuaemMocTbto (0,1-2)-10° MKkMm? (4To
COOTBETCTBYET Kateropun TP3) cocTaBnT OeCATKn
CYTOK WM gaxke MecsLbl (019 hukcaummn pexxrma
paguanbHOro NPUToKa).

leodunsnyeckmne n rmgpogmHamMmyeckme cpencraea
CUINC, po HacTosLero BpeMeHn ann3oanyeckin
NPUMeHsieEMble B pa3HbiX HEDTAHbLIX KOMMNAHWUSIX,
NOATONIKHYN K CO3OaHNI0 1 Pa3BUTULO

HOBOI0 TEXHOJIOMMYECKOro HanpaBeHusl B
HedTerazonpoMbICNIOBOM Aefe — CTaluOHapHOro
yOaNeHHOro rmgponHaMmnko-reomanyeckoro
MOHUTOPWHIra Ao6bIBaKLLINX CKBaXKUH

Kak npaBuio, HeTsaHbIE KOMNaHWN Ha
MecTopoxxaeHusax TPV3 Ha 3To He nayT, npoBoas
3aBeOMO HEKOHOMLWOHHbIE KOPOTKMe 3anncn KBL. B
nTore NMbo hakTUYeckn cokpallaetca oovem [ANC

B MPOLIECCEe aKcnnyaTaumm, nbo OHM BbIMOSHATCS
HEKOPPEKTHO, YTO OTPaXKAETCH Kak Ha U3Yy4EHHOCTU
06BEKTOB Pa3paboTkn N 3MPEKTUBHOCTY MPUMEHSAEMbIX
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logging and hydrodynamical testing — studies that are
required in Russia in the licensing arrangements and
state regulatory documents in order to achieve the goals
for the fields development. Let’s revise one of the typical
sides of the issue. In order to satisfy the requirements
for conventional well testing (pressure recovery curve
logging with quantitative estimations of instant effective
permeability and skin-factor of near-wellbore formation
zone, refinement of formation’s geometry, adjacent wells’
influence etc) as per valid industry-specific regulatory
documents, a well which produces from low-permeable
formations with absolute permeability of 0.1-2:10°3 um? —
which corresponds to unconventional reservoirs — must
be shut down for dozens of days or even for several
months (if a radial flow regime is under consideration).

Systems for permanent geophysical and
hydrodynamical monitoring that have been
sporadically implemented within various oil producing
companies prompted the development of an innovative
technological trend amongst oil and gas engineering
disciplines namely permanent remote hydrodynamic
and geophysical monitoring of production wells.

As a rule, oil producers intentionally don’t perform
full-scale well tests at unconventional reservoirs. This
practice basically either reduces the required volume of
well testing logging or compromises its results.

Consequently, the development targets state of
exploration, the efficiency of geological and technical
operations based on the results of the well test (including
drilling of new wells) and solutions for the optimization of
the fields development are affected.

A similar situation has arisen in the domain of production
logging especially in hi-tech wells, due to increased
volume, by most Russian oil producers, in the drilling

of horizontal wells (including multilateral wells and
horizontal wells with multi-stage fracturing) which has
resulted in increased cost for conventional well logging.
This is because the hi-tech delivery of geophysical tools
into an elongated (1-2 km) horizontal wellbore together
with a stimulation treatment during drawdown which
has been induced by the electrical submersible pump
is required. These technologies are quite costly which
highlights the need for real-time wellbore measurements
via geophysical and hydrodynamical sensors which
have been permanently embedded into the completion
and lifting systems. Technologies for the permanent
geophysical and hydrodynamical monitoring that

have been sporadically implemented within various oil
producing companies and have pushed the creation
and development of a new technological direction in
the oil and gas field - permanent remote hydrodynamic-
geophysical monitoring of production wells.

www.rogtecmagazine.com
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B YMHbIE CKBAXK/NHbI

Ha MX OCHOBE Me0IOr0-TEXHUYECKNX MeponpudaTni (MTM)
(BKtoYas GypeHne HOBbIX CKBaXKMH), Tak 1 Ha peLleHrsX
no oNTUMM3ALN CUCTEMbI Pa3paboTKN.

AHaNornyHas cutyaums caoXxunace n B obnactm
M, 0COBEHHO B BbICOKOTEXHOMOMMYHBIX CKBaXKMHAX.
Kpome Toro, 13-3a npousoLlelero B nocneaHe
rogbl B Poccum MaccoBoro nepexofa Ao00bIBatoLLIMX
HedTaHbIX KOMMaHWn Ha BypeHne 'C, B TOM uncne
MHOIOCTBOJIbHbIX, a Takxke 'C ¢ MIPT1, yoenbHble
pacxofpl Ha NPo- BeAeHNe TPaAMLIMOHHbBIX

M KpaTHO BbIPOCN. 3TO CBA3AHO C TEM, YTO

npwv 1X BbIMOSIHEHUW TPebyeTcsa obecnevmBaTh
BbICOKOTEXHOIOTVMHHYIO [OCTaBKY re0U3NHECKMX
nPUBOPOB NOA HACOC B MPOTXKEHHbIN (00 1-2 KM)
FOPW30HTaJIbHbIN CTBOJT U OCYLLECTBAATL MNPU 3TOM
BbI30B MPUTOKA Ha TEXHOJIOTMYECKOW OENpPeccumn ¢
MCMOJIb30BaHNEM 3NEKTPOLIEHTPODEXXHOMO Hacoca
(BLH). MNockonbky CTOMMOCTb 3TUX TEXHONOMIA
[0CTaTOYHO BbICOKA, OOBEKTVBHO aKTyamsmpoBanach
3a[a4a NPOBELEHVS B PEXMME PEaIbHOrO BPEMEHM
HenpepbIBHbIX N3MEPEHNIA BCTPOEHHBIMU B
KOMMOHOBKW FTyBUHHOMO 1 HACOCHOIO 060pYyA0BaHNS
reon3nN4eCKUIMN 1 MaPOANHAMNYECKMMIN OAaTYMKAMM
CUINC. M eoumanyeckmne 1 rmapoaHaMn4ecKmne
cpeacTtea CUIC, 0o HacToSALEro BpeMEHN
3MM30ANHECKN MPUMEHSIEMbIE B Pa3HbIX HEPTAHbBIX
KOMMaHWUsIX, MOATOSIKHYIM K CO30aHNI0 1 PasBUTUIO
HOBOIO TEXHOJIOTMYECKOrO HanpaBieHNs B
HedTerazonpoMbIC/IOBOM [eSe — CTaLMOHaPHOrO
YyOANEHHOO MMAPOANHAMUKO-Te0r3NHECKOro
MOHUTOPWHra 000bIBAOLLNX CKBAXKMH.

Hanbonee akTyasibHbIM 3TO HanpaBeHne cTaso 1 s
«[a3npom HedTK» B CBA3U C NEPEXOOM KOMMAHNN

Ha pa3pabOoTKy aKTUBOB C HU3KOMPOHNLAEMbIMIA
konnektopamu ¢ TPU3, roe TpagMUMOHHBIE KOMIMIEKCHI
M v FANC HepgocTaTouHO ahdeK- TUBHbI.
HeobxoammocTb nepexona oT TpaamuUMOHHbIX [T n
I'dC Ha MOHUTOPWHI B MpoLecce pas- paboTkm — LWP-
MOHUTOPWHT (T.€. OUCTaHUMOH- HYIO MMOPOONHAMUKO-
reon3nN4eCcKyto MOHUTOPWHIOBYHO CUCTEMY HA OCHOBE
mopaynen CUINC) nokasaHa Ha puc. 1. PeleHne
OaHHOWM 3apayn Ha obbekTax «[a3npom HedTK» Ha
nepeBoM aTane (0o 2014 r.) 6bI10 peanm3oBaHO MyTEM
MOAEPHM3aUMM CTaUMOHAPHBIX AATHMKOB AaBNEHNS

1 TeMnepaTypb! (0aTYMKOB TENEMETPUYECKNX CUCTEM
HACOCOB), M3HaYaIbHO YCTaHaBMBAEMbIX C LESbO
KOHTPOJIS YNCTO SKCITyaTauMOHHbBIX NapamMeTpOB.
Mepbl, NPUHATbIE B KOMMaHUK «['a3npom HedTb»

019 nepexofa oT AaTYMKOB-UHOMKATOPOB Ha
CepTUdOUUMPOBAHHbBIE BbICOKOYYBCTBUTESbHbIE
CpeacTBa U3MEPEHUS OaBNeHns 1 TeMnepaTypbl,

a TakKe HamnpaBfIeHHbIE Ha PaCLUMPEHNE NaMsTL
PErNCTPUPYIOLLMX YCTPOWCTB, NO3BOIUAM 06EeCnednTb
nPSIMOM CNOCO6 ANCTaHLIMOHHOM pPerucTpaumm
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This trend has also become of a consideration for
Gazprom Neft due to company’s transition to the
development of low-permeable unconventional reservoirs
where conventional well logging and well testing suites
are not efficient enough. The need to change over from
conventional well logging and well testing to remote
hydrodynamic and geophysical monitoring based on
permanently installed wellbore sensors (logging-while-
production, LWP) is illustrated at Fig. 1.

Stage | (before 2014) of the development of the
technology involved the upgrading of the embedded
pressure and temperature sensors for the pumping
systems telemetry that had been initially designed to
control the operating parameters only. A comprehensive
set of measures taken by Gazprom Neft in order to replace
the indicator sensors with certified high-sensitivity pressure
and temperature gauges and to expand the memory of
logging devices has allowed the direct access of remote
wellbore pressure logging data and wireless transmission of
this data to the processing centers.

Therefore, completion of Stage 1, the technology
development, which required installation of single-
gauge permanent wellbore sensors, allowed for the
realization of so-called ‘passive experiment during
reservoir development’ concept. The latter stipulates for
maximizing the use of digital measurement and telemetry
systems which have been integrated into downhole
equipment for remote diagnostics and control over
wellbore conditions. As a result, within core assets of
Gazprom Neft the following targets have been achieved:

e Abandonment of ultrasonic scanning measurements
for estimation of bottom hole pressures out of
drawdown levels that were not always showing
adequate results.

e Realtime monitoring of wellbore conditions with high
precision: sensitivity range of certified pressure gauges
is currently 0.0001-0.001 MPg;

e Over 95% of scheduled well testing activities in
operating well stock are currently performed using
permanent single-gauge measurement systems
without engaging of wireline services;

e Approaches and software algorithms have been
developed that allow elimination of using costly
technologies based upon logging of lengthy pressure
build-up curves with logging of long-term pressure-
level curves - which starts immediately after a well
becomes an active stream and can last for many
years; these measurements are accompanied
by logging the build-up curves during the well’s
operational shutdowns.

www.rogtecmagazine.com
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B YMHbIE CKBAXK/NHbI
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~

CyuwecTBeHHOe
yBENUYEHNe noTepb
0o6blun HedhTn 3a Bpemst
peructpaumm KB

ToueuHble CUNC, mogynn
TenemMeTpun HacoCcoB

Yoopo>kaHue
TEXHONOrMnM N CHM>XXeHne
MHOPMaTMBHOCTA

a N

O6opyposaHne C
pacnpenenéxHbIMun
N TOYEYHO-
pacnpenenéxdHeimn CUNC

\ /

(rANC) BcnepcTame ctaHgapTHbIX MMV B
HU3KOW NPOHULLZEMOCTH ycnosusix C
KO/NEKTOPOB a I
) * Hy3kas 1 rmnepHu3kas \_

NMPOHNLIAEMOCTb
e CrioXKHasi CTpyKTypa KonekTopa
(npo6bnems! r10)
e ObpazoBaHe TPeLLH
aBTol Pl (npopbiBbl BOA)
¢ MHOronnacToBOCTb 3aeXu
e bnnsoctb NHK 1 BHK
® bypeHne [C u T'C c MI'PT1

e N

O6opynosaHve C n
BC (OP3) cucremamm
WHTENNEKTyasIbHON
OVarHOCTMKM U ynpaBrieHnst
3akaykon (oT6opom)

~ G

~ /

BbicTpoe napeHne
nebutoB HepTM FTCun IC
¢ MIPIN, Heob6xoaMmMocCTb

KOHTPONS1 AUHAMUKMN
npodunsa nputoka

MoHUTOPUHT
B3aVIMOBJ/IMSIHNS CKBa>KH
Nno HeMpepbIBHbIM
3anncsam CUNC

Cno>XHOCTb OpraHn3aumn CUCTEMBI
MM ocobeHHO npu obpazoBaHUK
TpewuH asTol Pl

N

Puc.1: AkTyanbHOCTb Mepexoda OT TpaauLMOHHbIX nccneaoBaHuin NI n FOVC Ha rnybuHHble aucTtaHumoHHble CUWC (MM — nogoep»xaHne
nnactoBoro gasneHus; MTHK, BHK — cooTBeTcTBEHHO razo-1 BoaoHeTaHOM kKoHTakT; BC — BepTukasbHas ckeakiHa, OP3 — ogHOBpeEMEeHHO-

pasgenbHas sKcryaraums)

3a60MHOro AaBneHnst 1 6ecnpoBOAHYIO Nepedady aTnx
JaHHbIX B 06pabaTbiBatoLLMe LEeHTPbI.

Taknm 0bpa3om, Ha MEPBOM 3Tane pPas3BUTUS TOHEYHbIX
(eamHM4HbIX) aatyumkos CUWC yoanock peann3oBatb
KOHLIeNT Tak Ha3bIBAEMOIro MaCCMBHOMO SKCNEPUMEHTA
npwv paspadboTKe 3anexen, NpeaycMaTpuBaroLLErO
MakCUMasibHOE UCMOIb30BaHNE MNPV YOAIEHHOM
ONarHOCTVKE 1 ynpaBieHnn 3a60HbIMM NapameTpamm
BCTPOEHHbIX B ryOMHHOE CKBaXKMHHOE 060pyaoBaHue
LUMDPOBBIX MBMEPUTENBHbBIX U TEIEMETPUYECKIMX
cucTeM. B pesynbTaTe Ha OCHOBHbIX akTuBax «[ a3npom
HedDTW» yOasocCh:
® OTKa3arbCs OT NPUMEHEHUS HE BCEerfa KOPPEKTHbIX
CPEACTB 9XOA0KaUMN AN OLEHKN 3aB0MHbIX
OaBneHniA Mo ANHAMNYECKUM YPOBHSIM;
® MoJyyaTtb JaHHble O 3aD0MHbIX MapameTpax B
pexXnme peasbHOro BPEMEHU C BbICOKOM
TOYHOCTbIO; YyBCTBUTEIbHOCTb AaTHMKOB AaBNeHUS
(BCE — CepTUULMPOBaHHbIE CPeacTBa U3MEPEHNS) B
HacTosLee Bpema coctasnaeT 0,0001-0,001 Mrllg;
° MepenTu Ha BbiNosIHeHNe 6onee 95 % 06bemMoB
nnaHoBblx [ANC B oobbiBaroLLEM (POHOE CKBAXKWNH C
MOMOLLBIO CTaLMOHAPHbIX TOHEYHbIX U3MEPUTENBbHBLIX
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The results at the Gazpron Neft sites, even after the
completion of just the initial stage of implementing
single-gauge permanent sensors, has resulted in
multiple cuts in oil losses that had previously occurred
due to forced shutdowns of the productions wells,
without loss of information and the quality of the

well records themselves. As a result of being able to
remotely control the ESP pump rate in conjunction
with continuous wellbore data, including wellbore
pressure measurements and nonstationary well
testing loops transmitted by surface wireless telemetry
systems - it has become possible to perform prompt
operational control over production processes and to
quantitatively ground optimum operation performance
for a whole lift system comprised of a well and
formation(s). This technological principle concept

of a Smart Well or the “smart (digital) well” is widely
publicized and discussed in the world today.

Major implementation of the ‘Smart Well’ concept

at Gazprom Neft assets, was completed and most
production wells were equipped with pumping systems in
2014. This allowed a significant reduction in the planned
losses in oil production associated with well testing and
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Fig.1: Relevance of conversion from conventional production logging and well testing to the continuous monitoring by implementation of

permanent borehole-embedded sensors

cucTem (6e3 npuenederus K IIONC reonsanyeckmx
CEepBUCOB);

® paspaboTaTb METOAOONMIO U anrOPUTMbI
nporpaMMHoro obecre4yeHsl, No3BoMBLLNE
0TKasaTbCHA OT MPaKTVIKN MPUMEHEHUS 3aTpaTHbIX
TEXHONOMMI Ha OCHOBE 3anucen onTenbHbix KB
1 NepenT NPEUMYLLIECTBEHHO Ha TEXHOJIOMW 3arnmcu
OONrOBPEMEHHbIX KPUBbLIX CTabunmaaLmy gaBneHns
(KCL), KOTOpblE PETUCTPUPYIOTCS NOCNE 3anycka
CKBaXKMHbI B paboTy (Mpy 3TOM MPOLIECC perucTpaumm
MOXKET Q/INTbCH roamm), CONpPOBOXKAAOLLIMECS
BCMOMOraTeibHbIMU KPaTKOBPEMEHHbIMM 3arnNcamm
KPWBbIX BOCCTaHOBNEHUST ypoBHS (KBY) npwn
TEXHOMOMMYECKMX OCTAHOBKAX.

B pesynbTate Ha 06bekTax koMnaHum «[ a3npom HehTb»
V>KEe Ha HayanbHOM aTane BHeapeHus TouedHbix CNGC
y4a/10Cb MHOIOKPAaTHO COKPaTUTb NOTepU A00bIHM
HedTV OT BbIHY>XAEHHbIX OJIMTENBHBIX OCTAHOBOK
006bIBAIOLLMX CKBaXKMH 63 NoTepn MHOOPMaTUBHOCTH
1 KayectBa cammx 3anucen I'dVC. bnarogaps
NCMONBb30BAHNIO TEXHUYECKNX CPEOCTB YAa/IEHHOrO
ynpaBneHus YactoTown asurarens SLUH, a Takke Ha
OCHOBE MOJTyHaeMOW C MOMOLLLBIO TENEMETPUYECKNX
Ha3eMHbIX 6ECMPOBOAHbBIX CUCTEM HEMPEPBLIBHOM
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logging of the wells production, to obtain the economic
benefits in the framework of the integrated technology
and controlled development of the oil fields (both for
vertical and directional wells. The specified effect is
achieved due to:

Targeted boosting of the water injection system;
Conformance control with prevention of water
breakthrough via so-called unstable self-induced
hydraulic fractures;

Optimization of the pumps performance;
Selection of candidate wells for re-fracking and
other factors.

A comprehensive set of measures taken by Gazprom
Neft in order to replace the indicator sensors with
certified high-sensitivity pressure and temperature
gauges and to expand memory of logging devices
has allowed for direct method for remote monitoring
of wellbore pressure and wireless transmission of this
data to processing centers.

Single-gauge permanent sensors for wellbore
hydrodynamic and geophysical monitoring have been
developed at Gazprom Neft assets between 2014-
2018. They allowed the addressing of the above listed
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CKBaXKMHHOWM MHhbopMaLmy ¢ 3amepamm 3ab60MHOro
OaBneHunst N HecTaumoHapHeIMU Lknavmm FOVC ctano
BO3MO>XHbIM OCYLLIECTBNATL OMNepaTuBHOE yrnpaBieHne
pexxmMmamm otéopa NPOAYKLUMN, C YACTEHHBIM
060CHOBaHVEM OMTUMAbHOIO peXxmnma padoTbl BCEN
NNOTOBOM CUCTEMbI CKBaXKMHA — NnacT(bl). JaHHbIN
TEXHOIOMMHYECKUIA MPUHLIMMN ABMISIETCA OCHOBOW LLUIMPOKO
PEKNAMNPYEMOI N OBCYXKOAEMON B MUPE KOHLLENLMA
Smart Well nnn «ymHom (UndpoBOoI) CKBXKMHBI».

MacLtabHoe BHegpeHune npoekta Smart Well Ha
obbekTax «asnpom HedTU» C OXBATOM MPAKTUYECKN
BCEro JOObIBAKLLErO MEXaHN3MPOBaHHOIO (oHAA
CKBaXXWH 6b1/10 ocyLecTBAeHo B 2014 r. 910
NO3BONIO NPY 3HAYNTESIBHOM COKPALLEHNN MN1aHOBbIX
noTepb A06bIMN HED TN, CBA3AHHBIX C MPOBEAEHNEM
rANC w MNIM'A, nonyyaTb 3KOHOMUYECKME 3PEKTDI
B pamMKax COCTaBNAOLLMX KOMMIEKCHOM TEXHOIOMN
KOHTPOJIMPYEMOW 1 YyNPaBAseMon pa3padoTku
HeTAHbIX MECTOPOXOEHN (KaK A5 BEPTUKAIbHbIX
1 HAKJTOHHO HampaBfIEHHbIX CKBaXKMH, Tak 1 ans I C).
YKazaHHbIn 9PdEKT OCTUFAeTCS 3a CHET:
® aapecHoro ycunenus cuctemol MI;
® BbIPaBHMBaHWS NPOPUNEN MPUEMNCTOCTU
C NpenoTBpaLLeHeM NPOPbLIBOB BOAp! MO Tak
Ha3blBaeMbIM HECTabWbHbLIM TpeLLmHam aBTol PlT;
° onTUMKM3aLMN PaboTbl HACOCOB;
° Noadbopa CKBaXXMH-KaHOMAATOB AN NOBTOPHOro MPI1
W OpYrmx akTopos.

Mepbl, NpUHATbIE B KOMNaHUK «[[a3npom HedTb»

ONs1 nepexopa oT 4aTYNKOB-NHONKATOPOB Ha
cepTMdULMPOBaHHbIE BbICOKOYYBCTBUTESbHbIE
CpeAcTBa M3MepeHUst AaBNeHnst 1 TeMnepaTypbl,

a Tak>Xe HanpaBfieHHble Ha paclunpeHne namsT
PErnMCTPUPYHOLLX YCTPONCTB, NO3BONUAN 06ecneunTb
npPsIMO cNoco6 ANCTaHUMOHHOW perncTpaumm
3aboiHoro gaeneHns 1 6ecnpoBogHYO Nepegady 3aTux
OaHHbIX B ob6pabaTbiBatoLLme LEeHTpPbI

Toueunble Mmooy CUC raybuHHOro rmapoanHaMmnKo-
reon3n4eckoro MOHUTOPUHIA B CBOEM PasBUTUN
(2014-2018 rr.) no3BoNMNM peLLaTh yKa3aHHbIe
3aga4ym Ha obbekTax «[fa3npom HepTK», 4TO B
COBOKYMHOCTW C NpoBeaeHnemM ['TM, 060CHOBaHHbIX
3TUMU MOHUTOPVHIOBBLIMW AaHHLIMW, AaN0
3HAUUTESBHBI SKOHOMUYECKUA SPMEKT, BbIPAKEHHbIN
B OOMNOJIHATENBHOM A00bl4e HePTU. TONBKO ANd
KO>KHO-TproBCKOro MECTOPOXAEHUST EXKEMOOHbIN
addekT oueHrBaeTca B 880 TbIC. T AONOHUTENBHO
00BbITON HEDTU, He cunTas apdekTa OT CHUXKEHMS
SKCMNyaTalUyOHHbIX 3aTpar.

B nosblilweHne I/IHCDOpMaTl/IBHOCTI/I n peHTa6eanooT|/|

CTaLUMOHAPHbIX CUCTEM FEOMOHUTOPUHIA NP
VX MCMOJIb30BaHWM B MPOLECCE paspaboTKu
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challenges and for basing the well intervention strategies
upon the well monitoring data. Cumulatively these
measures resulted in significant economic benefit in

the form of incremental oil production. For instance, at
the Yuzhno-Priobskoe oilfield the annual oil production
increase is currently estimated at 880 thousand tons, not
counting the effect of lower operating costs.

Sensors, distributed over horizontal wellbores also

increased the information and the cost efficiency of

permanent geo-monitoring systems. These sensors can

be designed in the following ways:

¢ Fiber optic sensing cables (mainly leveraged on DTS
technology for thermal field measurements based on
Raman scattering) [1];

¢ Single-gauge-distributed indicator systems embedded
into inflow mandrels (ports and filters) of BHAs for
horizontal wells completions.

Currently permanent sensors of the above-listed
types are subject to active testing by Gazprom Neft
and other major oil producers both in Russia and
worldwide. Apart of their individual customization
it’s very important to work out a strategy for their
implementation at oilfields which should account
for conducting specific studies, describe data
acquisition technologies and suggest methods for
data interpretation and analysis that take advantage
of dedicated digital simulators which take into
account and correctly evaluate the physical chemical
processes.

In the authors opinion, an increase in the efficiency
of an oil and gas fields development is possible

by sophisticated implementation of monitoring
systems that have already been effective customized
and approved and validated by experts. To that
effect, experts at Gazprom Neft in 2012-2018

were performing systematic selection, testing,
customization, estimation of informativity and the
installation of application-specific technological
equipment and hardware components of single-gauge
and distributed wellbore-embedded sensors.

The results of this long-term study and theoretical
justification for the remote permanent geo monitoring of
production wells have been summarized among others
within a monography issued by a team of experts from
Gazprom Neft Science and Technology Center’ [2]. This
monography incorporated essential process solutions
and mandatory requirements for equipping production
wells with systems of single-gauge and distributed
remote-operated sensors; it also contained algorithms
for interpretation and analysis of corresponding digital
information.
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MECTOPOXXAEHN BbICOKOTEXHOAOMMYHBbIMU [[C cBOW

BKJ1a[, BHOCAT U Tak Ha3blBaeMble «pacrnpeneneHHble» no

Bcemy ctBosly CHVIC, BbINONHEHHbIE HA OCHOBE:

® ONTOBOJIOKOHHbIX Kabenen-ceHcopoB (Mpexkae BCero
no TexHonorvn DTS Ans n3MepeHnst TEMI0BbIX MNOEN
Ha NpuHUMNe paccesHus Pamana) [1];

® TOYeYHO-pacnpeneneHHbIX MHOAMKATOPHbBIX CUCTEM,
BCTparBaemMbIX B NMPUTOYHbIE MaHapenn (MopThbl U
hUNBTPBI) KOMMOHOBOK 3akaH4BaHug [C.

B HacTosiee Bpems CNGC gaHHOro Tvna npoxoasT
AKTUBHYIO anpobaumio Kak B KOMMaHUK «[ a3npoM HedTb»,
Tak 1 B OPYrX KPYMHbIX HEDTAHBIX KOMMaHKX B Poccumn m
B Mmpe. OgHaKo MOMNMO UX MHAOVBMOYaIbHOW agantaumm
OYeHb BaDKHO BblpaboTaTb CUCTEMATUKY MPUMEHEHNS
anemeHToB CUIIC Ha MECTOPOXKOEHNSIX, BKTKOYAS
METOO0JIOMMI0 MPOBEAEHNS LIENEBbLIX MCCEO0BaHUN,
TEXHOMOMM cOopa AaHHbIX, UHTEPNPETALN 1 aHan3a
NoJlyYaeMblX PE3YBTATOB, B TOM Y/C/E HA OCHOBE
crneupanbHO paspadboTaHHbIX LMGPOBbLIX CUMYISTOPOB,
YUUTBIBAOLLIMX M KOPPEKTHO OLIEHMBAIOLLIMX HablogaeMble
B paboTaromx C HU3NKO-XUMUYECKME MPOLIECCH!.

10 MHEHNIO aBTOPOB, MOBbILLEHNE 3MAEKTMBHOCTA
pPaspPaboTKMN MECTOPOXAEHNN HEPTM N rasa (0COBEHHO
015 akteoB TPIN3) BOSMOXXHO B MepBYIO 04Yepeb Ha
6aze CUCTEMHOIO (KOMIMJIEKCHOMO) MPUMEHEHUS YKe
npoLLeamx yCreLwHyo agantaumio U3MepuTesbHbIX
anarHocTudeckmx cpencts CUNGC, ¢ ydeTom
NPOBEOEHHOW SKCMEPTHOW OLIEHKN NX (DaKTUYECKOWM
NHOPMAaTUBHOCTU 1 OOCTOBEPHOCTU. C 3TOM LIENBIO
cneumanncTbl «asnpom HedTn» B nepuog 2012—
2018 rr. ueneHanpaBAeHHO OCYLLECTBNSANA BbIOOP,
onpoboBaHMe, aganTaumio, OUEeHKY MHDOPMATUBHOCTHU
N BHEOPEHWE CNELMannN3npOBaHHOIO TEXHOTOMMYECKOIO
000pPYO0BaHUS U TEXHUYECKUX CPEACTB MTyONHHbIX
To4euHbIX U pacnpeaeneHHsbix CVIC.

PesynbTatoM gaHHOro MHOFOSIETHErO aHanmM3a u
TEOPETNYECKOrO 0O6OCHOBaHNS ANCTaHLIMOHHOIO
CTaUMOHaPHOIO MOHUTOPUHIAa B paccMaTpuBaeMon
o61acTu cTan, B YaCTHOCTU, MOHOrpauyeckni Tpya
KOJIIEKTMBA CNeumancToB Hay4Ho-TeXHMYECKOro
LeHTpa «[fagnpom HepTn» [2], roe 6b1am 060CHOBAHDI
OCHOBHbIE TEXHOOMMYECKME NOAX0Obl U TPpeboBaHMs
K 0BYCTPONCTBY A0ObIBAIOLLMX CKBXKNH CUCTEMaMM
TOYEYHbIX M pacnpeaesieHHbIX AncTaHUMoHHbIX CUING,
a TaKXKe NpeasioxKeHbl aIropUTMbl UHTEPNPEeTaLMM 1
aHanmMsa gaHHoro Tuna LU poBon nHopMaLmn.

Pe3ynbTaTbl NpakTU4eCKOro BHeOpeHuns
KOMMJIEKCHOW CUCTEMbI MrNMOPOaANHAMMNKO-
reodomM3nyeckoro MoOHUTopuHra B «Fasnpom
HedoTb»

PaboTbl N0 BHEOPEHWIO KOMMIEKCHOW CUCTEMBI
rMOPOANHAMUNKO-reodN3NYECKOrO MOHUTOPUHIA

www.rogtecmagazine.com

Results of the practical implementation of
an integrated system for hydrodynamic and
geophysical monitoring within Gazprom Neft

Work on implementing the integrated system for
hydrodynamic and geophysical monitoring included:

a) Conceptual design of studies to be performed at the
various stages of the system’s deployment including
theoretical justifications and execution processes; same
regarding implementation of the system in order to
optimize field development;

b) Statement of problems that require solutions in order
to create the efficient system for permanent monitoring of
producing oil wells;

c) Development of regulatory and guidance documents,
algorithms and software to perform acquisition,
processing, quantitative interpretation and documenting
of continuous digital monitoring data and to evaluate
the obtained results (including big data processing
algorithms);

d) Development of technology for implementation

of permanent wellbore sensors sets; statement of
requirements to deployment and coverage of backbone
survey networks;

e) Upgrade of equipment and measuring systems related
to wellbore permanent sensors;

f) Field tests of equipment, technologies and hardware
at various types of production wells (vertical, horizontal,
with multi-stage fracking etc.);

g) Development of technology for estimation of obtained
logs informativity; development of algorithms for log
interpretation as applied to basic types of permanent
wellbore sensors;

h) Composing of patents portfolio based upon solutions
developed for designated tasks.

At the initial stage of implementation on Gazprom Neft
assets a system of single-gauge permanent wellbore
sensors embedded into standard pumping equipment
was universally deployed. This allowed for remote
continuous monitoring of bottomhole pressure and

the prompt transfer of information back to the data
processing centers. Scheduled well testing programmes
have been completely revised due to the introduction of
certified pressure gauges with increased sensitivity (up to
0.0001-0.001 MPa). As a result, scheduled well testing
procedures in production wells are performed without
engaging of geophysical services and prevent long-
term well shutdowns. Moreover, switching to real-time
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Puc.2: JononHuTenbHas oobblba HedhTy nocne nepexoda Ha npoeeaeHve [AVC no nokasaHusM ToYeUHbIX AMcTaHUmoHHbIX CUNC (TMC —

TENEMETPUHECKNE CHCTEMBI)

Fig 2: Complimentary oil production resulting from conversion to well testing by means of implemented single-gauge permanent borehole-

embedded sensors

BKJIOHANM:
a) paspaboTKy KOHLIENLMN, TEOPUM 1 METOOUKM
BbIMNOJIHEHWSI CCNEA0BaHW Ha aTanax co3aaHns
FEOMOHUTOPWHIOBOW CTaLMOHAPHOW ANCTaHUMOHHOM
CUCTEMbI U €€ MPUMEHEHUS 015 ONTUMN3aLIMN
aKcrsyaTaumm MeECTOPOXAEHNN;

6) hopMYyNMPOBKY 3a4a4, PELLEHNE KOTOPbIX MO3BOUT
co3natb aPPEKTVNBHYKO CUCTEMY CTaLMOHAPHOMO
MOHUTOPWHIa 00ObIBAKOLMX HEPTAHBIX CKBaXKNH;

B) paspaboTKy HOPMaTBHO-METOAMHECKOrO, METOANKO-
aNIFOPUTMUYECKOrO W MPOrpaMMHOro obecneyeHns

019 NpoBeaeHVsl, 06paboTKK, KOJIMYECTBEHHOMN
WMHTEPNpETaLMN, JOKYMEHTUPOBAHWSA 1 aHan3a
pe3ybTaToB LUM(POBOro HEMPEPBLIBHOMO MOHUTOPUHIa
(B TOM Yncne, anropnTMOB 06PaBbOTKM BOMBLLIMX
MacCKBOB AaHHbIX);

r) pa3paboTKy TEXHOIOTUN MPUMEHEHNST CTaLMOHaPHbIX
komrekcos CUVIC, a Takxe TpeboBaHWM K OXBaTy U
CO30aHNK OMOPHbIX CETEN HABMOOEHWS,

) MOAEPHM3aUn 060pYA0BaHUS 1N N3MEPUTESNbHBIX
cpenctB CHNG; ») onbITHO-NPOMBbILLNEHHYIO anpobauuio
obopyaoBaHUs, TEXHOMOMMIA 1 annapaTypHbIX CPEACTB
CUC mpn paboTe B pasnnyHbIx TrNnax 400ObIBaOLLMX
CKBaXKMH (BEPTUKasIbHBIX, FOPU30OHTasbHbIX, C MITPIT n
ap.);

3) padpaboTKy TEXHOIOMUM OLEHKN NHEOPMATVBHOCTM
noJsly4aembix 3anvcen, afiropuTMOB UX MHTepnpeTaLmm
MPUMEHUTENBHO K OCHOBHbIM Tunam CNC;

e) (bopMMpPOBaHME NakeTa NaTeHTOB HaA OCHOBE
PELLEHNIA MOCTaB/IEHHbIX 3aaad.

Ha nepBom aTane BHegpeHWst Ha 06bekTax

«[[a3npomM HehTW» Oblna MOAEPHM3MPOBaHA U
MOBCEMECTHO peasim3oBaHa CUCTeMa TOYEYHbIX
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monitoring of pressure has allowed for additional realtime

control of the following parameters:

e Changes in reservoir pressure;

e Dynamics of a skin-factor (indicator of a near-wellbore
zone contamination);

e Effect of adjacent production and injection wells —
controlling of this parameter allows for preventing of
water breakthrough from injection wells thus achieving
leveling of oil displacement front by water.

At this stage, the implementation of simple single-gauge
remote wellbore sensors led to multiple oil production
savings by eliminating losses that had resulted from long-
term shutdowns of production wells (Fig. 2).

Gazprom Neft was the first company in Russia

to implement this innovative technology and the
Yuzhno-Priobskoe field was chosen as a testing

facility. Implementation of the technology allowed

for: abandoning bottomhole pressure detection out

of dynamic levels which resulted in wrong results;
performing well tests on almost 100% of operating

well stock; estimating well interference (observation

well testing), dynamics of skin-factor and bottomhole
pressure. Company’s experts defended in ‘Rosnedra’
Central Commission for Reserves (protocol #3820 dated
14.09.2006) a technology for replacement of long-term
pressure and level build-up curves’ acquisition with
long-term level stabilization and short-term level build-
up (during routine stops of electric submersible pumps)
curves’ acquisition. This technology was later registered
as a patent. Taking the Yuzhno-Priobskoe field as an
example (annual oil production in 2018 comprised more
than 11 409 thousand tons) where annual complimentary
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CVINC, ycTaHaBMBaeEMbIX Ha CEPUMHOM HACOCHOM
obopynoBaHuM. 9TO NO3BONNO 0OECTEYNTE NMPSMON
cnocob AMCTaHLMOHHOM HEMPEPbLIBHOW perncTpaumm
3ab0MHOro AaBfieHns 1 ONepaTyBHYIO Nepenady
NOJTyYEHHBIX OaHHbIX B 0bpabaTbiBalOLLME LIEHTPDI.
Bnarogaps BHeApeHWUIO CepTUPULMPOBAHHbBIX
CPEACTB U3MEPEHUS A@BIEHNS U YBESINHEHWIO NX
4yyBCTBUTENBHOCTM Ao 0,0001-0,001 MlMa nporpamma
nnaHoBbix [[AVIC 6blaa NOHOCTLIO NEPECMOTPEHA.
B peaynbTate pernamerTtHble I'AVC B 0obbiBatOLMX
CKBaXXMHax NpoBoAsATCS 6e3 MPUBAEYEHMS
reon3nN4eCKMX CEPBUCOB U AIMTESbHbIX OCTaHOBOK
ckBaxXMH Ha 3amepbl KB n KBY. Bonee Toro, nepexon,
Ha TEXHOIOMN 3anncy AoAroBpeMeHHbIXx KC/L
MO3BONA AOMNOHUTENBHO 06eCNEeYNTb KOHTPOSTb B
pex1Me peasnibHoro BpeMeHM:
® VIBMEHEHWS N1aCTOBOrO AaBeHNs;
® OVHaMVKM CKMH-(hakTopa (mokagaTtesb KosibMaTaLmm
NPUCKBaXKWHHOWM 30HbI) MPW AONOHUTENbHbIX
dhurKcaumax KpaTkoBpemeHHbix KBY;
® BNSHUS COCEOHNX OOObIBAIOLLMX U HArHETATE TbHbBIX
CKB&XXWH, YTO MO3BOJIUIO NPEAOTBPATUTL MPOPbLIBLI
BO/bl OT HarHeTaTe bHbIX CKBaXKMH Y COOTBETCTBEHHO
006VBaTbCS BblpaBHMBaHNS (POHTA BbITECHEHNS
Hedb T BOOOWN.

Ha gaHHOM aTane 3a CYeT BHEAPEHUS MPOCTENLLINX
TOYEYHbIX ANCTaHUMOHHbLIX CUC yganocb MHOrOKpaTHO
COKpPaTUTb NOTEPU O00bIHM HEDTU 13-3a BbIHY>XXOEHHbIX
ONNTENbHbBIX OCTaHOBOK A0ObIBAIOLLMX CKBaXKWH (puUC. 2).

B maHHOM nHHOBaUMM KOMNaHNs «[ a3npomM HedTb»
6blna nepson B Poccun. B kayecTBe nonvroHa

Ob1/10 BbI6paHo KOxHO-Iprobckoe MECTOPOXXOEHME.
BHenpeHve TexHONOMMmn no3BoanI0: 0TKa3aTbCs OT
HEKOPPEKTHbIX ONpeaeaeH 3abonNHOro AaBneHus

no AMHaMUYECKUM YPOoBHAM, nposoanTe ' ANC
npakTudeckn co 100%-HbiM OXBaTOM O0ObIBAOLLEO
doHaa, oLeHVBaTL B3ANMOBNGAHNE CKBaXKWUH (MPUHLMN
rMAPONPOCAYLUMBAHUS), ONHAMUKY CKNH-(hakTopa

1 NJACTOBOro Aasnenus. CrneumanmcTbl KOMAaHUA
obocHoBanm 1 3awmtam B LIKP PocHenpa (MpoTokon
Ne 3820 o1 14.09.2006 r.) TeXHONOrMK 3aMeHbl 3anncu
ontenbHbix KB 1 KBY Ha 3anncm 0onroBpeMeHHbIX
KC[ ¢ kpatkoBpeMeHHbIM1 KBY (TexHONorM4eckme
nepepbIBbl B padboTe SLH), nosxe ohopmaeHHyto

Kak nateHT. Ha npumepe KOxxHo-Mprnobckoro
MecTopoOXXaeHns (rogosas gobeiba B 2018 r. coctaBuna
6onee 11 409 Tbic. T HeTW), rOe exerogHbin aPdexkT
OT BHeapeHust TodedHbIx CUINC oueHvBaeTCH Ha ypOBHE
880 TbIC. T AONONHNTENBHO OODLITON HEDTU, MOXHO
CAenaTtb BbIBOA, YTO ONTUMM3aLMS OODbIHM 3a CHET yXKe
BHeOpeHHbIx cpeacts CUNC gaeT coBOKyMHbIM adhhexT
7,7 % ypoBHS 0O6bIMN MeCTOPOXXAeHMS. CocTaBnsoLme
9KOHOMMYECKOro ahdekTa criefytoLme: — onTuMmMsaLis
pPaboTbl HACOCOB (MOTEHLMAaN HAaCOCOB OLEHMBANCA MO
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oil production due to implementation of single-gauge
wellbore sensors is estimated at 880 thousand ton. It can
be concluded that optimization of oil production driven
by the technical means that have been already deployed
cumulatively results in 7.7% of field oil production.
Components comprising economic benefit are the
following: optimization of pumps performance (potential
pumps capacity was estimated out of dynamics of data
obtained by wellbore sensors) — more

than 1.8%; selection of candidate wells for refracking
taking into account interference of offset wells (estimated
data obtained by wellbore sensors) — more than 1.3%;
leveling of oil displacement and redistribution of water
injection (including reduction of injected water volume in
order to exclude water breakthrough due to self-induced
hydraulic fracturing) — more than 1.8% (not taking into
account effect of non-efficient injection decrease); target
boosting of reservoir pressure maintenance system —
1.7%; reduction of direct oil production losses due to
switching from acquisition of pressure and level build-
up curves to real-time acquisition of level stabilization
curves — not less than 1.1%. At this stage apart from
single-gauge wellbore sensors providing wellbore
hydraulic measurements, there was also implementation
of autonomous remote multiple single-gauge sensors
each consisted of a flowmeter, water-in-oil meter,
thermometer and pressure gauge; they were installed at
different depths in vertical and directional wells (usually
at the top of co-produced oil formations). Remote data
transmission from these multiple-measurement devices
(for example if ‘Sprut’ (‘Octopus’) design developed

by ‘Geofizika’ research and production company was
implemented) has been achieved by 2 ways:

1) In production wells — a power supply cable sits

inside a pump telemetry unit is connected to a string

of sensors; the latter is suspended below the electric
submersible pump within a perforated zone;

2) Injection wells, with dual injection equipment, a
separate additional cable is used.

Unconventional oil deposits produced
mostly by horizontal wells with multi-stage
fracking have been identified as optimum
candidates for performing the studies with
distributed fiber-optic systems.

This type of single-gauge-distributed wellbore sensors
deployed at the Yuzhno-Priobskoe field with wells
equipped with Y-tool bypass systems which allowed
targeted monitoring of producing wells equipped with
multizone completions. This permanent geomonitoring
resulted in reliable quantitative data regarding multiphase
fluid movement and composition (under conditions

of pumping-assisted production of formations); and
variations of the filtering parameters within produced oil
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anHamuvke gaHHbix CUNC) — 6onee 1,8 %; — nogbop
CKBaXKMH-KaHOWOAToB Ans noBTopHoro P ¢ yyetom
NHTEePdEPEHLIMN COCEAHUX CKBaKH (Barogaps
OLIEHKE B3aVMOBJINSAHMS CKBaXKWH MO AaTymkam

CUINC) — 6onee 1,3 %; — BblpaBHMBaHNE NPOMOUIA
MPUEMNCTOCTW C NMepepacnpenssieHneM 3aKadkm

BOAbI (BKNtOYAS CHYKEHME OOBEMOB 3aKauKX O1s
NCKIOYEHNS MPOPLIBOB BOAb! MO TpeLumHam aBTol PI1)
— 6onee 1,8 % (6e3 yyeTa adhdekTa OT CHUKEHUS
HENPOW3BOOUTESIbLHOW 3aKkaykn); — aOpPeCHOE YCUIEHNE
cuctembl MNMO - 1,7 %; — CHKEHME NMPSIMBIX NOTEPL
000bI4M HeTW BCNEACTBME 3aMEHbl KOMMJIEKCOB
ANC (c 3a- nucsto KB n KBY) Ha CUVIC ¢
pernctpaumen KC, B pexxmume peasibHOro BpEMEH

— He meHee 1,1 %. Ha ykazaHHOM 3Tane noM1MmMo
ToueuHblx CUINC, obecneunBatomx 3amepsl I'ONC,
NPUMEHANNCH N MHOroTo4euYHble CIC ¢ aBTOHOMHbIMIA
1 OUCTaHUMOHHBIMIN KOMMIEKCaMn gatynkos [T
(pacxopomep, Bnaromep, TEPMOMETP, MAHOMETP),
yCTaHaBMMBaAEMbIX Ha padHbIX FyOnHaxX B BEPTUKaSIbHbIX
N HAKNTOHHO HanpaBJ/1eHHbIX CKBaXKMHaX (0ObIYHO — B
KPOBJ1E COBMECTHO paspabaTbiBaeMbIX HEPTAHbLIX
nnacToB). [UCTaHUMOHHbBIM CNOcob nepepadn ¢ Taknx
koMnaekcHbiXx CUIIC (Hanprmep, Npy Ncnosib30BaHNN
MoauduKaumm cuctemMsl «CnpyT», paspadboTtaHHom HId
«["'eothrsmka») obecneumBasnicsa gpymMs cnocobamu:

1) ong 0o6bIBAIOLNX CKBaXKMH — YEPE3 CUIOBOW
Kabesb, COYNEHEHHbBIN B MOrPY>KHOM BJI0KE TENEMETPUM
Hacoca C OOMNONIHUTENbHBIM KabenemM-rvpasHoon, npu
noggeLUvBaHnn nocnegHero nog SLIH B uHTepBane
nepdOopUPOBaHHbIX NNACTOB;

2) AN HarHeTaTesbHbIX CKBaXKMH C 000PYA0BaAHNEM
OAHOBPEMEHHO-PA3AETbHOM 3aKayKy - Yepes
OOMNOSTHUTENBHBIV Kabenb.

Hanbonee akTyasibHbIMY 06bEKTaMM

ONs uccrniegoBaHUs € NOMOLLLbIO
pacnpepnesieHHbIX ONTOBOJIOKOHHbIX
CUCTEM MPU3HAaHbl 3aJ1eXKN HEPTU C TpuU3,
pa3pabaTrbiBaemble NPEUMYLLECTBEHHO IC C
Mrpn

COBMECTHO C co3gaHHon Ha KOXXHO-[TprobcKoMm
MECTOPOXOEHUN OMOPHOM CETbIO CKBaXKMH,
OCHalLLeHHbIX 6arnacHbIM 06opyaoBaHmem Y-Tool,
OaHHbIV TN ToYevHo-pacnpeaeneHHbix CUVC
NO3BOJIN BECTU BbIOOPOYHbLI MOHUTOPUHI paboTbl
[0ObIBAOLLNX CKBaXKNH, IKCMyaTUpyeMbIX Mo
TexHonorum OP3. Pe3ynbTaTtoM AaHHOro Tuna
CTaLMOHaPHOro reOMOHUTOPMHIA SBUIOCH MOJy4YeHme
0OCTOBEPHOW KONIMYECTBEHHOM NHOPMauMn: — O
npocdwune n coctaBe MHOMOKOMMOHEHTHOIro NPUTOKa
(B ycnoBusIX HAaCOCHOWM aKcnyatauyn 06 bexkToB);

— 006 U3MEHEHUSAX TEKYLLMX NHAMBUOYATbHbBIX
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formations; unevenness of reserve recovery of a multi-
zone reservoir; occurrence of intracolumn fluid migrations
after a well shutdown. Starting from 2014 during next
stage of implementation of permanent wellbore sensors
for geomonitoring (including distributed fiber optics
systems for thermal monitoring DTS and indicator-
based (tracer) systems for monitoring flow profile and
composition) horizontal wellbores with multi-stage
fracking have been subjected to field testing.

For a detailed description of the results, refer to work [3]
from Gazprom Neft experts’ conclusions regarding new
approaches for remote distributed monitoring and their
commentaries for delivering equipment with distributed
wellbore sensors in horizontal wells that have been
implemented at Gazprom Neft assets. The delivery of
fiber optics sensing cable systems deployed through the
tubing, of a reduced diameter, has its advantages for
long-term monitoring while delivery via a coiled tubing
should be applied for short-term monitoring. By the end
of 2018 Gazprom Netft fields had the following systems
deployed for field testing: fiber optic thermal monitoring
system (DTS) — at 15 wells; fiber optic acoustic systems
DAS — at 3 wells; fiber optic systems for bottomhole
pressure control — at 2 wells; single-gauge-distributed
indicator-based systems — at 8 wells.

From the point of view of the country’s energy security,
the transition to a controlled and supervised approach
to the production of hydrocarbon raw materials is
guaranteed, which ensures guaranteed design levels of
oil production, especially at fields with unconventional
reserves produced by horizontal wells with multi-stage
fracking equipped with smart completion systems
including permanent wellbore-embedded sensors.

Practices for optimizing technology within the
geophysical monitoring of horizontal wellbores,
multilateral horizontal wellbores and horizontal wellbores
with multi-stage fracturing should be primarily intended to:
e Performance analysis of wells with
multi-stage fracking: validation of production at
separate intervals/ports (estimation of their contribution
to total production rate and flow composition), location
of hydraulic fractures within a whole horizontal
wellbore and study of their parameters, detection of
possible flaws with the BHA completion (for example
packer leakage);

e Operational decision-making aimed to increase the
wells productivity (cuttings removal from a wellbore,
selective multi-stage re-fracking, shut-off water- or
gas-breakthrough zones) based upon data describing
current fluid movement profile;

e Estimation of the formation’s level of reserve depletion,
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SHEPreTUYeCcKnxX N PUIbTPALMOHHBIX MapPaMeTPOB
paspabaTbiBaeMblx HEPTAHbIX NMJIACTOB; — O
HapyLLIEHNAX PaBHOMEPHOCTU BblpaboTKM
MHOIOMaCTOBOW 3a/1eXXKN; — O BO3HUKHOBEHNN
BHYTPUKOJIOHHBIX MEPETOKOB MOCE OCTAHOBKM
CKBaXkuHbI. Ha cnegytowem (Ha4mHasa ¢ 2014 r.)
aTane BHeOpEHUS reOMOHUTOPUHIOBBLIX FTYOUHHbBIX
CUUNC (Bknovasa pacnpepeneHHble ONTOBOMNO- KOHHbIE
CUCTEMbI TEPMOMOHUTOPUHra DTS 1 nHamkaTopHble
(TpaccepHble) CUCTEMbI MOHUTOPUHIA NPOMUASA 1
cocTaBa NpuToka) obbekTamn anpobauny ctanm

[C ¢ MI'PI. MoapobHo pesynbTaTbl AaHHbIX

paboT onucaHbl B paboTe [3], rae npeacTaBsieHbl
3aKJ/IIOHEHUS SKCMEPTOB KOMMNaHuM «[[a3npomM HedTb»
OTHOCUTENBHO MHOPMATUBHOCTU U 3PHEKTUBHOCTH
HOBbIX METO0B ANCTAHLMOHHOIO pacnpeneseHHoro
MOHUTOPVHIa, a Takxe anpobnpoBaHHbIX Ha 0ObeKTax
«a3npom HedTM» cNOcobOB [OCTaBKN 0OOPYA0OBaHUS
¢ pacnpeneneHHbiMu CUNC B roprsoHTanbHbIN
cTtBo1. Cnocob AoCTaBKM OMTOBOJIOKOHHbLIX Kabesb-
n3mMepuTesbHbIX cuctem Ha HKT yMeHbLLIEHHOrO
anameTpa MMeeT NPeVMyLLLECTBA MPU OJ/IUTENbHbIX
CPOKax MOHUTOPWHra, B TO BREMS Kak TEXHOI0MS
noctaBkn CUNC Ha rmbkux HKT npumeHsieTcs

NpPY HEMNPOAOMKUTESBHbIX Cpokax. O6beMm
anpobauyumn pacnpeneneHHbIX MOHUTOPVHIOBbIX
CUCTEM Ha MECTOPOXAEHUAX «[[a3npoM HedTU» 1
COBMECTHbIX akTyBax Ha KoHel, 2018 r. cocTaBu: —
OMTOBOJIOKOHHbIE TEPMUYECKME cucTeMbl DTS — 15
CKBa>XWH; — OMTOBOJIOKOHHbIE aKyCTUYECKNE CUCTEMBI
DAS - 3 cKBaXXMHbI; — ONTOBOJIOKOHHbIE CUCTEMbI
KOHTPOS 3a00MHOIr0 4aBfEHUS — 2 CKBaXKUHbI; —
TOYEYHO-paCnpPeneseHHble NHOMKATOPHbIE CUCTEMbI
— 8 CKBaXMH.

C ToOuUKM 3peHNs aHepreTnyeckom 6e3o0nacHOCT
CTpaHbl aKTyasieH nepexon Ha KOHTPOJIMPYEMYIO U
ynpasnsiemyto fobbivy yrneso4opoaHOro Chipbs,
rapaHTUPOBaHHO 06eCneYBatoLLyt0 NMPOEKTHbIE
YPOBHW JO0ObIYM HE(P TN, OCOBEHHO B YCNOBUSIX
pa3paboTKn MECTOPOXKOEHUN C TPN3 FOPUIOH-
TanbHbIMK ckBaxkmHamu, FC ¢ MIPIM, I'C ¢
NPUMEHEHNEM NHTENNEKTYasbHbIX KOMMOHOBOK
3akaH4ymBaHus, Bkatodas CUNC

MeponpusaTnsa No oNTUMU3aLMK TEXHOOTUM
MPOMBIC/TIOBO-re0U3NYECKOro 1 rMAPOANHAMUHECKOTO
cTaunoHapHoOro MonutopuHra 'C, mHorocTeoNbHbIX ['C
n 'C ¢ MI'PT1 B nepByto o4vepedpb HaLesIeHbl Ha peLleHne
cnenyoLmMX 3adau.

° AHanna shhekTnBHOCTM NPoBypeHHbIX C ¢ MITPIT:
noaTBEPKAEHNE PabOoTbl OTAEbHbIX NHTEPBAIOB/
MopTOB (OLIEHKA UX BKada B CyMMapHbIN
nebuT, cocTaB NpUTOKa) ¢ hukcaumen nNo CTBOJY
['C MeCTOMONIOXKEHUNS U MApPaMeTPOB TPELLMH
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identification of dead intervals, location of well-pattern
zones with bypassed oil based on analysis of fluid
movement and injectivity profile time-based logs for
horizontal wellbores.

Unconventional oil deposits, requiring multi-stage
fracking have been identified as optimum candidates for
performing the studies involving distributed fiber-optic
systems. If long-term monitoring in horizontal wellbore
is considered, then this type of permanent downhole
measuring systems has several substantial advantages
over conventional ‘single-run’ well logging suites:
e Ability to install sensors below pumping equipment’s
hanger directly inside horizontal wellbore for a long
term (i.e. for an overhaul period or longer);

¢ Realtime measurements within the entire wellbore
(some reduction in sensitivity of thermal sensors
is compensated with big volumes of data gathered
immediately after well production starts);

e Significant cost savings due to limit absence for
amount and frequency of tests whilst reaching
minimum values of their specific cost (especially if
many wells are being studied simultaneously);

e Ability to pull out pumping equipment during well
remedial works without the need to remove measuring
sensors from horizontal wellbore (if inductive breakers
are used in telemetry or electrical submersible pump
of reduced size is used which is installed at tubing
using wireline);

e Ability to integrate permanent wellbore sensors with a
system for controlling downhole equipment (‘active
ICD in Smart Well’ concept). Cost of permanent
distributed measurement system for a horizontal
wellbore is comparable to a cost of performing single
hi-tech well logging. However, this equipment allows
for permeant remote monitoring of wells performance
for the long term (months or years).

Up to 2019, based on data analysis and classification

of results obtained by permanent downhole sensors,

in conjunction with results from digital modeling using
thermo-hydrodynamical simulators, justifications have
been established for basic bottomhole parameters
(pressure, temperature, multiphase flow). This allowed for
the development of required procedural [2] and regulatory
documents (M-01.05.01.05-01. Recommended practices
for conducting wellbore studies — geophysical logging. —
2018; M-01.05.02.01-01. Recommended practices for
conducting wellbore studies — remote measurements
and well testing. — 2017) for their subsequent wide
introduction within oilfields at Gazprom Neft. In addition,
recommended practices and time constraints have
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rMAPOPAa3pbIBa, a TakXKe BO3MOXXHBIX HaPYLLIEHWN
B KOMMOHOBKE 3aKaH4vBaHWs (Hanpumep,
HerepMeTUYHOCTU Nakepos).

e [PUHATME PELLEHUIN O HEODXOONMOCTW NMPOBEAEHNS
paboT 4719 BOCCTaHOBIEHVS MPOAYKTVBHOCTU
CKB&XXWMH Ha OCHOBaHWW AaHHbIX O TeKyLLEeM npodune
NPUTOKA: OYUCTKIX CTBOA OT LL1amMa, NOBTOPHbIE
cenekTuBHble MITPT1, nsonsaumm nHTepBanos ¢
NPOPLIBOM BOAb! (rasa).

e OueHka cTeneHn BblipaboTKM NNacTa, Bbl- SBAEHME
HeOpeHPYEMbIX MHTEPBAIOB, ONpeaeneHve
MEXCKBXKVHHBIX 30H C HEBbIPAOOTaHHbIMM 3anacamm
(uenkamm) HeT Ha OCHOBE UCCNEOOBAHUIN
OMHaMVKM npodrnen nputoka 1 npuemmctoct I'C BO
BPEMEHN.

Hanbonee akTyasbHbIMU O6beKTaMU 015

NCCAEA0BaHNS C MOMOLLbIO pacnpeneeHHbIX

ONTOBOJIOKOHHbIX CUCTEM MPU3HaHbI 3a1eXXM HeTH

¢ TPU3, paspabaTbiBaeMble NPENMYLLIECTBEHHO

'C ¢ MI'PT1. Y gaHHOro Buaa riybuHHbIX

CTaUMOHAPHBIX N3MEPUTESBHBIX CUCTEM MPU BEAEHUN

O0JIFOBPEMEHHOIO MOHUTOPWHIa B 'C ecTb psif,

CYLLIECTBEHHbIX MPENMYLLIECTB MO CPaBHEHWUIO C

TpaguUMOHHBIMK «Pa3oBbIMK» KoMMiekcamu MIN:

® BO3MOXXHOCTb YCTAHOBKM HIDKE MOOBECKM HACOCHOIO
0bopynoBaHVa HenocpeacTBeHHo B cTBON [C Ha
ONMTENbHBIA CPOK (HanpUMep, Ha BECb
MEXPEMOHTHbIN NEPUOL, UV A0SbLLE);

® MPOBEOEHNE USMEPEHWUN B PEXXMME PeasibHOro
BPEMEHMU /19 BCEro Npodunsa cTeoa ¢
obecneyeHrem nepmaHeHTHon pabotel CUC
(HEKOTOPOE CHWDKEHWE YyBCTBUTENBHOCTI MO
TemnepaTtype KOMMNEHCUPYETCH MoyHeHnem 60bLLNX
MaccuBax OaHHbIX B MepBble MUHYTbI MOC/E Mycka
CKBaXKMHbI);

® 3HAYUTESbHBIA AKOHOMUYECKUIA SPMEKT, MOCKOIbKY
4YMCNO 3aMEPOB U MX MEPUOANYHOCTb HE OrpaHNYeHbl,
a yaesbHasg CTOMMOCTb 3a NPOAO/PKUTESNbHbI
neproa, MOHUTOPUHIa MUHUMabHa (0COBEHHO
npv 3HAYNTETBHOM OXBaTe, T.e. 60JIbLLIOM Y1Ce
O[HOBPEMEHHO UCCNEAYEMbIX CKBaXKVHY);

® BO3MOXXHOCTb MOAbEMa HACOCHOrO 060pyA0BaHNSA
(MpY TEKYLLIEM PEMOHTE CKBaXKMH) BE3 N3BATUSA 13
FOPU3OHTAIBHOIO CTBOJA U3- MEPUTENBHBIX
0aTYMKOB (MpW MCMOIb30BaHMM B CUCTEME
Tenemetpum CUVIC nHOYKUMOHHBIX pasbeauHUTENen,
a Takke Npu npumMeHernn 3LIH manoro rabaputa,
cnyckaemoro B HKT Ha kabene);

® BO3MOXXHOCTb coBmecTuTb CUNC ¢ cructemon
ynpaB/eHVs 3/IEMEHTaMI NOA3EMHONO 060PYA0BaHNS
(koHuenums aktTueHoM ICD B Smart Well).
CToMmocTb 060pYaA0BaHMS MeEXaHU3MPoBaHHOM 'C
CO CTaLMOHapPHOW pacnpeneneHHon N3MepuTebHOM
cuctemon DTS B Lenom conoctaBuma CO CTOUMOCTbLIO
BbINO/THEHWS] PA30BOI0 BbICOKO- TEXHOIOMMYHOIO
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been established for validated hi-tech downhole
monitoring systems [3]. Thus, despite several stages
of technology implementation that have been already
been completed and the clear economic benefits that
have been achieved, a goal for the establishment

of a sophisticated digital system for wellbore
geomonitoring at Gazprom Neft fields is still in the

list of the technology development program’s primary
objectives.

Between 2012-2018 the following results have been
achieved: worldwide market research has been
performed and the most useable and cost-efficient
wellbore sensors have been defined; step-by-step
field testing at Gazprom Neft production assets have
been performed in various technical and environmental
conditions; procedural guidelines and algorithms

have been developed; requirements for development
of backbone networks for permanent geomonitoring
within the company’s assets have been justified. It
must be noted that at the time when Gazprom Neft
experts started working on this comprehensive
project there weren’t any similar commercial products
available in Russia, while the cost of overseas
commercial systems was much higher than the cost of
the system developed by Gazprom Neft. A substantial
part of measuring tools and equipment was radically
changed by contractors based upon adjusted technical
specifications that included cost reduction among other
requirements.

Technical and economic indexes (key
performance indicators) of a system for
remote hydrodynamic and geophysical
monitoring

The implementation of remote geomonitoring has
allowed for a few direct and indirect benefits. KPIs were
calculated based on production indexes for 2018 in 2
ways:

1. Separately for Gazpromneft-Khantos LLC asset —
Yuzhno-Priobskoe field, where the calculation is based
on economic effect stated as complimentary annual oil
production due to the following factors:
a) Reduction of direct oil production losses caused
by well shutdowns required for performing scheduled
well testing (frequency and coverage are defined by
regulatory document M-01.05.02.01-01) replacing the
conventional logging pressure and level
build-up curves implying long-term idle time of wells
with realtime acquisition of level stabilization curves
performed by single-gauge permanent wellbore
sensors — 1.16% from total field production;

b) Selection of candidate wells for re-fracking based
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komnnekca MM (PLT). OgHako gaHHoe obopyaoBaHme
MO3BONSET BbIMNOJIHATE HEMPEPbIBHBIN AUCTAHLIMIOHHbIN
MOHUTOPWHI pabOoTbl CKBaXKMHbI B TEHEHME
OVTENBHOrO Nepuoda (MecsLpl N rodpl).

B pesynbtarte aHanmaa 1 cuctematmaaumm
PE3ybTaToB, MOJIYHYEHHbIX C MOMOLLBIO
pacnpepenenHbix CUNC k 2019 r., a Takxke

Ha OCHOBE LMPOBOro MOAEMPOBAHNS Ha
TEPMOrMAPOANHAMUYECKMX CUMYNATOPAX, OblN
chenaHbl TeopeTnyeckme 060CHOBAHWS MO OCHOBHbLIM
ncecnegyemblM 3abonHbIM NapameTpam (oaBneHue,
TemnepaTtypa, has3oBbln pacxomd). STo NO3BOMNIO
ONs pacnpeneneHHbIX U ToYeYHOo-pacnpeneneHHbIX
CUWNC paspaboTaTb HEOOXOANMYK METOONYECKYIO [2]
n HopMaTuBHyto (M-01.05.01.05-01. MeTogndeckne
yKasaHug No MpOBEOEHUNIO CKBaXKMHHbIX
nccneposanum (M), — 2018 r.; M-01.05.02.01-

01. MeToguyeckue ykasaHus no NpoOBeAEHUIO
CKBaXKUHHbIX nccnenosanun (TW v IAnC). — 2017

r.) 6asy ¢ Uenbko X NOCNeayroLLEro LUNPOKOro
BHEOPEHVS Ha MECTOPOXOEHNAX KOMNaHUK «[ a3npom
HedTb». Kpome Toro, 6biam chopMympoBaHbl
PEKOMEHJALIMM U BPEMEHHbIE OrpaHNYeHns As
npoLeawnx anpobaLumo BbICOKOTEXHOTOMMYHbIX
CUWNC [3]. Taknum obpasom, 3agada co3gaHus Ha
MECTOPOXAEHNAX «[[a3npoM HEDTU» COBPEMEHHOM
umncposont CUNNC rnybUHHOIrO reOMOHUTOPUHIa

npu paspaboTke He@TAHbIX 3a/IEXEN, HE- CMOTPS

Ha peanu3auunio OTAesbHbIX 3TanoB C BUOANMbBIM
9KOHOMUYECKNM 3DEHEKTOM, NO-NMPEXXHEMY OCTaETCH
B OAHOW 13 NMepBOOYEPEAHbIX 3aay NMPorpamMmb
TEXHOJIOMMYECKOro passutusg. 3a 2012-2018 rr.
OblW OOCTUTHYTLI CledytoLlme pesynsTathbl: —
N3y4eHbl N OTOBPAaHbLI HA MUPOBOM PbIHKE Hanboee
NpPaKTUYHble N 3KOHOMUYHbIE Ty6uHHBIE CUNG;

— NpoBefeHa noatanHaga anpobaumga CHUNC Ha
06beKTax KoMnaHuM ¢ y4eTOM pasHbIX reo10ro-
aKcnnyaTauMoHHbIX YCOBUIM paspabaTbiBaeMbIxX
aKTNBOB; — pa3paboTaHO METOAVKO-anrOPUTMUYECKOe
060CHOBaHMe; — 060CHOBaHbI TPebOBaHNS K
CO3[0aHNI0 Ha MECTOPOXAEHMAX KOMMaHNN

OMOPHbIX CeTeN CTauMOHAPHONO FEOMOHUTOPUHTA.
CnenyeTt OTMETUTb, YTO HA MOMEHT Hayana paboThl
cneumanucToB «[asnpom Hed@TV» Hag, OaHHbIM
KOMMIEKCHbBIM MPOEKTOM B Poccun He bbis1o

FOTOBbIX TEXHO/IOMMYECKMX PELLIEHNA, 8 CTOUMOCTb
3apybexKHbIX Pa3padboToK Oblia 3HAYUTENBHO

Bbillle CTOMMOCTU PELLEHUN, B HACTOSILLEE

BPEMSI PEKOMEHOOBAHHbIX K MPUMEHEHNIO Ha
obbekTax «[[a3npomM HedTU». 3HAUMTENBHAA YacTb
N3MEPUTENbHO- FO MHCTPYMEHTapUS 1 060pyAOBaHUS
Oblf1a KapAnHalbHO N3MEHeHa KOMMaHNAMU-
noapsaYMKamMm No CKOPPEKTUPOBAHHBIM TEXHUYECKUM
3a4aHVsM, B TOM YUC/IE U B MaHE CHMKEHUS X
CTOMMOCT!.
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upon bottomhole pressure and skin-factor data
obtained by permanent wellbore sensors. In 2018 on

a monthly basis approximately 22 wells were subjected
to re-fracking; no-good candidate wells (statistically
16%) were excluded and replaced with wells selected
upon well testing data obtained by permanent
wellbore sensors. On average re-fracking at current
field resulted in 10 tons/day of production increase,
consequently effect of permanent wellbore sensors
comprised 1.35% of total oil production.

2. For the other assets of Gazprom Neft only the
economical effect which measured in an incremental
annual oil production due to (a) component mentioned
above was accounted for. Total annual net cash flow
resulted from complimentary produced oil due to
development and implementation of the system for
remote wellbore geomonitoring amounted to 2.17 bin
RUR. This calculation can be considered as being a
conservative estimation because it doesn’t consider
neither the operation costs savings nor the indirect
effects of single-gauge wellbore sensors installation.

Prospects for future implementation of the
remote monitoring system

Currently most Russian oil companies produce assets
with unconventional reserves. Comprising of 50% and
more of their total production. Smart completions of
hi-tech wells and remote acquisition of bottomhole
data provide significant benefits due to operating cost
reduction and oil production savings. Further efficiencies
increase with wireline logging and well testing at hi-
tech horizontal wellbores together with the overall
efficiency increases with the development of assets
with unconventional reserves which can be attributed
to conversions from single-run wellbore logs to long-
term monitoring with permanent sensors distributed

all over the wellbore. At present the most advanced
technology that utilize fiber optic allowing remote
temperature measurements within the whole well profile
and by single-gauge-distributed systems based on
fiber Bragg grating. Single-gauge-distributed indicator-
based wellbore systems, as proven in their field tests
aren’t reliable enough and seem to require a significant
improvement.

In order to implement distributed permanent wellbore
sensors within a wide range of oilfields, application
guidelines and technical requirements being created as
part of the Corporate Technological Strategy program.
Upon completion of this stage it’s expected to form
guidelines for implementing this technology in any
horizontal well being drilled. As a way forward innovative
wellbore sensors are under consideration including
distributed hot-wire anemometry on a basis of fiber optic
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Single-gauge borehole-
embedded systems and modules

of pumps’ telemetry

Production well i I | I - _
logging 3 Iv- | -1a e ell testing
4a
N | v 5 |
-6 I -3a
-1 11- II- v
(o AR | 4a -3
Equipping of horizontal 0 I
boreholes with -7 M- |5Va' | ( - _ R
systems of distributed |1 v [ 5a 4 m Equipping of horizontal
and single-gauge -6 \ 1] -3 boreholes and wells
distributed borehole- m | m with dual completion
embedded sensors v v 2 | 4 with systems for smart
~ 1 |-46 I -56 !g !'é analysis and control over
-16 II- \ M injection (pumping)
I 56 y 7 |- J
-26 -el,a 46
1
Reservoir Monitoring of well Production
management interference using management

continuous data from

borehole-embedded
sensors

Fig.3: Intellectual elements comprising a system for remote intelligent hydrodynamic and geophysical monitoring of operating well stock at
‘Gazprom neft’ assets (IDs of technologies and patents in a central field are provided in accordance with attached Table)

TexXHNKO-3KOHOMUYECKMNEe noKasaTenu
cCUCTeMbl OUCTaAHLMOHHOIO
rMapoOnHamMmMKo-reodon3nyeckoro
MOHMUTOPUHra

BHeopeHne anemMeHToB CUCTEMbI ANCTAHLIMOHHOIO
FEOMOHUTOPUHIA NO3BOINIIO MOJTYYUTE PSAL, MPSIMbIX U
KOCBEHHbIX 9KOHOMWYECKIX BbIrof,. PacyeT TEXHUKO-
3KOHOMUYECKMX MOKa3aTenem BbiNOHEH MO NOKa3aTENAM
2018 r. gBymst cnocobamu. 1. [1as 0aHOro TeKyLLEro
aktnea OO0 «[asnpoMHedTb-XaHTOC» HOXKHO-
[MpProBCKOro MECTOPOXKAEHVIS, Fae A1 PacyHeTOB B3AT
3KOHOMUNYECKMI SNAEKT, BbIPaKEHHDBIN B EXKEFOOHOM
[OMNOHNTENBHOW A00bIME HEPTY MO COCTABAAOLLIVM:

a) CHYDKEHME MPSMbIX MOTepPb A06bIYM HedTH,
BbI3BaHHbIX OCTAHOBKAaMW CKBaXKVH /19 MPOBEOEHNS
nnaHoBbIX [AVIC (neprogmnyHOCTbL 1 oxBaT
onpeneneHsl pernamMmeHTHbIM JOKYMEH- TOM
M-01.05.02.01-01), 3a c4eT 3amMeHbl CTaHOAPTHbIX
TexHonorun 3anncn KBO-KBY, npegycmarpuBaroLLmx
OJITENbHBIA MPOCTON CKBaXKMH, Ha UCCed0BaHNs
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sensors (distributed DTS in combination with single-
gauge measuring elements based on fiber Bragg grating)
developed in conjunction with the Institute of Fine
Mechanics and Optics, and multi-single-gauge heating
elements.

Conclusion

The security of energy supply, on a national scale,
dictates the need for a wide conversion to permit a
controlled and supervised approach for the production of
raw hydrocarbons which enables planned oil production
levels especially at fields with unconventional reserves
produced from horizontal wells with multi-stage fracking
completed with smart completion systems including
permanent wellbore-embedded sensors. It's worth
mentioning that technological and software innovations
and patents are being developed by Gazprom Neft
affiliates and are of the utmost importance. Fig. 3
illustrates authors’ approach to the intellectual scope

of the system for remote monitoring. The science and
Technology Center of Gazprom Neft currently holds a
block consisting of 7 patents (Section | of Table), 5 actual
applications for an invention submitted to Rospatent
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Type of
Section Patent s required
/No Purpose of technology No Objective borehole Role
Sensors
. . o (@) Monitoring of hydrodynamic parameters of a formation single-gauge Well testing
1/1 Hydrodynamical studies of injection wells 2473804 (o) Control over seft-induced hydraulic fracture
1/2 Estimation of formation filtering properties 2476669 (&) Monitoring of hydrocliynam|c parameters of a formation single-gauge Well testing
(b) Analysis of well interference
/3 Estimation of flltienng proper‘ues for 2476670 (a) Monitoring of hydrodynamic parameters of a formation single-gauge Well testing
co-producing formations (b) Control over formation recovery
1/4 3D mapping of formation permeability 2479714 Adaptation of 2D and 3D digital models of a reservoir All types All roles
Defini ducing intervals and f itori i i
Vs efining pr.o u.cmg in sr.vas an. sources of 2480571 Monitoring of rlwydlrlodynarrlu? parametgrs ofa fotmanon . single-gauge Well testing
water-flooding in oil-producing horizontal boreholes Improvement of reliability for digital reservoir models’ adaptation
/6 Defining producing intervals and sources of 2490450 Estimation of fluid movement profile and fluid composition in single-gauge Production
water-flooding in oil-producing horizontal boreholes horizontal borehole (using tracers’ injection into formation) and distributed logging
. L . . Estimation of fluid movement profile and fluid composition in ’
Defi d tervals in h tal i Production
1/7 Slining proclicing Intervais in horizonta 2541671 horizontal borehole (using thermal field measurements Distributed (DTS) loaai
boreholes ) , ) 0gging
immediately after a well becomes active)
WA Ouantitétive estimation of ﬂu\d movement préfile ina 5701272 Estimation of fluid movgmenft profile under cgnditions of grtificial Distributed Produqion
horizontal borehole with multstage fracking heat treatment during high-volume multi-stage fracking logging
/2 Quantitative estimation of fluid movement 2018141026 Increase of sensitivity while performing estimation of fluid Dslfntglz L_"g;igg_d Production
profile in low- and average-rate wells moverment profile and injection profile by heat-resistance method | gistributed (DTS) logging
Quantitative estimation of fluid movement Estimation of fluid movement profile on the basis of downhole ) Production
/3 ) . b 2018138217 } o single-gauge )
profile and fluid composition in low-rate wells video acquired in gas and water-flooded wells logging
Diagnostics and estimation of inter-reservoir on the basis of i - Production
/4 | Estimation of intracolumn inter-reservoirs | 2018140135 agnostt >stimation oft senvol ' single-gauge .
non-stationaty thermometry in lifting wells and distributed logging
Long-term distributed monitoring of fluid (@) Monitoring of fluid movement profile and composition in o Production
1175 movement profile in horizontal boreholes | 2019120315 horizontal borehole, delivery of borehole sensors below Distributed (DTS, logging
equipped with ESP small-scale ESP (b) Optimization of production mode DAS)
o - . } b o " ; i single-gauge, Production
/1 l\/lon|tor.|ng of‘a mul’q formation \{vell with 2368772 Monitoring in muilti forrrﬂatllonlhonzontal borehole, production distributed-single- ( uv i
elimination of inter-reservoirs control (elimination of cross-flows) gauge logging
Production of oil and gas from a mullti- . I . ' ingle- Production
/2 formation well 2377394 Production control (optimization of depth of pump installation) single-gauge logging
Production of oil and gas from multi- - At ~ . Production
1173 formation well and equipment 2391494 Production control (elimination of cross-flows) single-gauge logging
/4 Production of oil and gas and equipment 2391493 Production control (optimization of lift with liquid-gas production)|  single-gauge Pﬁgg;ﬂg n
/5 Increase well production rate 2400623 Production control (elimination of cross-flows) single-gauge Pﬁgg;ﬂg} n
- ny : R y . . . single-gauge, Production logging,
/6 Monitoring of a multi-formation well 2387824 Monitoring in multi-formation horizontal borehole, production control distributed-single-gauge welltesting
Diagnostics of technical condition and ; Al distrbuti ; ingle- Production
\al producing intervals Project Study for spatial distribution of noise source single-gauge logging
ini ili i i i imati Production
/2 Defining permeability profile during Project Study for relaxation of heat treatment of a fracture and estimation single-gauge I Ul I
multi-stage fracking of permeability out of linear symmetrical thermal field parameters logging
imizati i ine injecti Production
Defining permeabilty profile during . Opt|m|zat|on of technologylfor §tudy in orQer to define injection ol .
IV/3 : . Project profile of a layered reservoir using relaxation of heat treatment |  SINgie-gauge logging, well
multi-stage fracking ) 2 ) .
induced by mini-fracking testing
/4 Diagnostics of efficiency of multi-stage Project (a) Estimation of reservoir properties and completion quality in | - single-gauge, ls&gﬁ:éc“wogn
fracking ports local zones of fractures (b) Development control distributed ‘[estir‘]g
/5 Quick estimation of injection profile out of Project (@) Quick estimation of ratios of formations in injection (b) Distributed, Production
thermometry data ! production control single-gauge logging
/6 Estimation of fluid movement profile in Optimization of acquisition time and length for thermograms to Distributed Production
horizontal borehole out of thermometry Project estimate ratio of formations in total inflow (background noise single-gauge logging

results

measurement - treatment - measurement)

cnocotom KC/, NpoBOAMMbBIE B PEXVME PEASIbHOIO
BpeMeHU ToveqHbIMK Mogynsamn CUNC — 1,16 %

obLLen Jobblun akTuBa,

www.rogtecmagazine.com

in 2018 (Section Il of Table) and 6 related patents in
joint with Gazpromneft-Noyabrskneftegazgeofizika

LLC (Section Ill of Table); aside from this it's planned
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TouyeuHble CUNC, mogynun
TenieMeTprn HacoCcoB

OyHkumm MM | | PyHkumm FONC
e I(IB- V- -1a —2|a TEXHOSIOMMYECKMX
4a nuccnegoBaHuin
W | V| 5 |
-6 2 -3a
- - N uI- IV
" L2 1 4a -3
O6opyposaHue 'C _|7 T IV- | -~ ~

pacnpegenéHHbIMU v 1 5a [ °a _|4 m T O6opynosaHve 'C n
" TO‘-Ie‘-I.!-IO- -6 1| -3 BC (OP3) cucremamun

pacnpefeneHHbIMun m | m WHTENNeKTyanbHon

cunnc v v 2 | -4 JNarHoCTUKN 1
~ ~ -46 I ~56 !IEI) !g yrNpaB/ieHns 3aKavykom
16 II- \ m (oT600M)
I 56 2 |- J
Il-
-26 |
1
ynpaB6neHv|eu MOHUTOPYUHT YHpaGBneHl/le
PaspaboTkon B3aMMOBJIMSIHNS CKBa>KMH AoDeiHE!

Nno HernpepbiBHbIM 3arnncam

cnnc

Puc.3: Mokpbitne PU, oncTaHUMOHHOM CUCTEMbI MHTENIEKTYAIbHOMO MMAPOANHAMNKO-FE0ON3NHECKOrO MOHUTOPUHIA SKCMUTyaTaLIOHHOrO
hoHOa CKBaXKMH B KOMMaHUM «[[a3npomM HedTb» (HOMepa TeXHOI0rUM (maTeHTbl, PVI) B LeHTpabHOM NoJie AaHbl COrIaCHO HyMepaLmmn,

NPVBEAEHHOM B TabnLLe)

6) Noabop CKBaXKMH-KaHAMAATOB A5 noBTopHOro P ¢
YYETOM OMNpeAeneHHbIX No gaHHbIM [AVC Tekyliero
NAacTOBOro AaBfieHNs U CKUH-dakTopa.

B 2018 r. exxeMeca4YHO BbINOJIHASIUCE NMOBTOPHbIE

[Pl npnMepHO B 22 CKBaXKMHaXx, 13 KOTOPbIX
Heyga4Hble (Mo cTaTUCTUKe 16 %) CKBaXKMHbI-
KaHOMOaTbl OTCEUBANNCH N 3aMEHSAINCh Ha OCHOBaHUN
pesynbtatoB [[AVC, nony4yeHHbIX C MOMOLLbIO
moaynen CVIC. B cpegHem npupocT gobbiyn nocne
noBTopHoro NPl Ha gaHHOM MecTopOXAeHNN Obin
paseH 10 T/cyT, cnegoBaTenbHo, adpdekT ot CUNC
coctaBun 1,35 % obuwen gobblun aktmea. 2. [Ang
OCTasIbHbIX TEKYLIMX aKTUBOB «['a3npom HedpTn»

B pacyeTax y4uTbiBancyd TOSIbKO SKOHOMUYECKUIA

3 DEKT, BbIPaKEHHbBIN B €XKErOQHON AOMONHUTENBHOM
[o6bl4e HeP T MO MEPBOM COCTaABASAOLLEN a).

OB exkeroHbIN YNCTbIN OEHEXHbIN MOTOK OT
OOMONTHNTENBHO 06bITON HEPTU 3a CHET PaspaboTKy
1 BHEAPEHNS SNIEMEHTOB ANCTAHLUWOHHOW CUCTEMbI
rNyOGuHHOIrO rEOMOHUTOPUHIA cocTasun 2,17

MApA py6. JaHHbIn pacyeT MOXET ObITb OTHECEH
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to produce and to draw up a significant amount of
complementary intellectual elements (Section IV of a
Table).
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Mpynna CUNC |Mpynna dyHKuwiA
Paznen Homep (BbIOENEHbI (BblAENeHbI
9 HasHaueHvie cnoco6a naTerta Pewwaemas sagaqa 3enEHbIM LIBETOM |KPACHbIM LBETOM
Ha puc.3) Ha puc.3)
ppoanHamMmyecKkme UCCNefoBanHns MOHWUTOPWHT rMAPOAVMHAMUYECKIX MapaMeTPOB niacTa (a),
v filelelt il 0473804 P! Jifelehl X NapaveTp (@) ToueuHbIc rovic
HarHeTaTesibHbIX CKBaXKMH ynpasJieHvie TpewmHon astol Pl (6)
Onpepnenerne hUbTPALUMOHHBIX MOHUTOPVH MAPOAVHAMUYECKIX MapaMeTpoB nacTa (a),
2 pen puneTpay 2476669 P! alell paveTp @) ToueuHbe rovc
napameTpoB niacTa aHanm3 B3aMOBIMSIHNSA CKBaXKMH (6)
OnpepneneHe rnbTPaLWIOHHbIX CBOVCTB MOHWUTOPUHT rMAPOAVMHAMUYECKIX MapaMeTPOB rniacTa (a),
/3 peny prnsTRal 2476670 P! [aleel 1apaveTp @) ToueuHbIc ravic
COBMECTHO paboTatoLLX N1acToB ynpaBneHve BbipaboTkor nnacta (6)
[Monyyerne 3D pacnpeneneHns o
nrauns 2D, 3D un BbIX MOZENEN B B
/4 NDOHLIABMOCTY NNacTa 2479714 ApnanTauy , 3D umdbpo Oflenen pesepsyapo Bce Tunbl CUC | Bce doyHKLvn
OnpereneHie PABOTAIOLLYX MHTEPBANIOS 1 MOHWUTOPWHT rMAPOAVHAMUYECKIX MapaMeTPOB nnacta,
1/5 5 AT 2482271 MOBbILLEHWE HAAEXHOCTW adanTaumm LdpoBbIX Moenen ToueuHble ranc
VCTOYHVKOB OOBOLHEHIS B HEPTAHOM PE3EPBYaPOB
/6 OnpeneneHe paboTaloLLyX HTEPBAOB 1 2490450 Onpenenervie Npodmns 1 cocTaea nputoka B I'C (McronsayeTcs ToueuHble u A
NCTOYHVKOB 06BOAHEHWS B HEpTAHOM C 3aKayka KOHTPaCTHOrO MEHYEHOro BELLIECTBA B M/1acT) pacnpeneneHHole
Onpegenenvie Npoduns NpUToKa 1 coctasa Nputoka B 'C
OnpepneneHvie paboTatoLLNX UHTEPBASIOB pen poc P P PacrpepenerHbie
/7 2541671 (MCNONB3YTCA BO3MOXHOCTU U3MEPEHIS TEMIOBOrO NOSS OT9) rn
BIC HEeNOCPEACTBEHHO MOC/e MyCKa CKBaXKMHbI)
14 KonnyecTseHHas oueHka npocnnis 2701272 OueHka Npotuna NPUTOKa B YCIIOBUAX MCKYCCTBEHHOIO PacrpenenenHbie nm
nputoka B FC ¢ MIPI1 TEnoBoro BO3AencTans npu 6onbLleobbemHomM NPT
KonnyecteeHHas oLieHka npouns Nputoka B [oBbILLEHNE YYBCTBUTEILHOCTV MRV HKE M| mnen P:
w2 oA 2018141026 | [1OBbILCHV WYBCTBUTENSHOOTI MY OLeHKe Mpochune o nm
Mau10- 1 cpeaHe- [ebuTHbix MC ¢ MIP MPWTOKA MOT/IOLLEHNSt METOAOM TEPMOaHEMOMETPN pacnipesienerikbie (DTS)
KonmnyecTteeHHas oLeHka npounns 1) -
eHKka NMpochnnen MPUTOKa Ha OCHOBE CKBAXKVMHHOMO BUAEO B
/3 11 COCTaBa NpuUToKa B MasiofebuTHbIX 2018138217 H poc P a ToueqHble nrm
CKBEKVMHEX ra3oBbIX 1 OOBOAHEHHbIX CKBaXKVHAX
W4 OLeHKa MeXXMIacTOBbIX BHYTPUKOIOHHbIX 2018140135 [yarHocTKa 1 oLeHKa NepeToka Ha OCHOBE HecTaumoHapHow | TodeudHble 1
MepeToKOB TEPMOMETPUM B HACOCHBIX CKBaXKMHAX pacnpefeneHHble nru
LlonroBpeMeHHbIn pacnpeneneHHbii MOHUTOPWHI Npodhnns 1 coctasa nputoka B 'C, noctaska
115 MOHUTOPUHI Npocuns nputoka B IC, 2019120315 | CUNC nog marorabapuTHbIi 3LH (2), ynpasnenme aobbiden — |FacnpeneneHHsle nrn
o6opyaosanHoin 3LIH onTUMM3ALS pexiMa (6) (DTS, DAS)
MOHVTOPVHI MHOTOMIACTOBOM CKBaXKMHbI MOHUTOPYHI B MHOroMnacToso BC, yrpasneHie aobbiuer TodeqHble,
(1174 2368772 pacnpeneneHo- v
YCTPaHEHWEM M1aCTOBbIX NMEPETOKOB (yCTpaHeHme NepeToKoB)
TOYEeYHbIE
Lobblya HedhTV 1 raza 13 o
/2 MHOFONAACTORO CKBAKMHLI 2377394 YnpaseHe [obbldelt (OnTUMUsaLms riyBuHbl Criycka Hacoca) ToueyHble mnru
Lobblya HedhTV 1 raza 13
/3 MHOIOM1aCTOBOW CKBaXKVHbI 1 YCTPOMCTBO 2391494 YnpaBneHvie fobbiuel (ycTpaHeH e NepeToKo.) ToueuHble nru
019 OCYLLIECTBNEHMst cnocoba
0obbl4a HedpTW 1 rasa, yCTPOMCTBO ANst YnpasneHve 0obbiver (ontuMmnsaums nudta ¢
wa | P ® yerp ad 2391493 ° y ToueuHbie v
OCyLLIECTBIIEHMS cnocoba ra3oX1AKOCTHOM NPOAYKLME)
/5 TNoBbILLIEHVIE [eBUTa CKBXKMHbI 2400623 YnpasneHie [O0bIHen (yCTpaHeH e NepeToKoB) ToueuHble nr
“ Y] Y ToueuHble,
/6 MOHUTOPWHI MHOOM/IACTOBOW CKB2XKVHbI 2387824 MoHUTOpKWHI B MHOromiacTosov BC, ynpasneHue nobbiHei bacnpenencHo-ToueHbig v ronc
[MarHoCTVIKa TEXHUYECKOrO COCTOSIHSA 1 ViccrnenoBaHvie NpOCTPaHCTBEHHOMO pacrpeneneHys
IV/1 MpoekT ToyeuHble mnrm
pPaboTarOLLMX TOMLLMH VICTOYHMKA LLyMa
ViccnepoBa Hue xapakTepa peniakcalyin TemnIoBoro BO3AENCTBYS Ha
IvV/2 Onpeagnenie MO MPOHNLIEEMOCTI Mpoext TPELLWIHY C (hOPMMPOBAHMEM 1 OLIEHKOM MPOHNLIAEMOCTV MO MapameTpam Toye4Hble nrw
mpm PN TENNOBOro Noss C SMHENHOM CUMMETPUEN
o OnTUMM3aLst TEXHOMOMN NPOBEAEHNS UCCNENOBaHWNA C LeMblo
IV/3 MPE[E/IEHNE NPODUIA MPOHMLAEMOCTU MpoexT onpeneneHys NPoMUIsS NPOHNLAEMOCTU CIOUCTOrO ToueuHble M w ranc
npv MrHn-TPI KOJIEKTOPA MO PENaKCaLMV TEryIOBOro BO3ASCTBIAS MHI-TPT]
OnpeneneHvie hUbTPaLUMOHHO-EMKOCTHBIX CBOCTB 1 T
OYeyHble,
I\V/4 HarHocTvka ShmeKTMBHOCTY PaGoTe! MpoexT COBEpLLEHCTBA BCKPbITUS B JTOKaSIbHbIX 30HaX TPELLWH (a), v rauc
noptos MIPI yrnpaBneHne pa3paboTkoi (6) pacnpeaeneHHbie
/5 OKnpecc-oLieHKa PO MPUEMUCTOCTU n OKCMPeCHbIn Cnocob oMpeaesieHns OO M1acToB B PacnpenenenHble, nm
0EKT y
Mo AaHHbIM TEPMOMETPUN P 3aKadke (a), ynpasneHue Jobbi4ei (6) TOYeYHble
OI'Ipe,D,eJ'IGHI/Ie I'IpOC‘pl/IJ'IFI I'IpVITOKa B OI‘lTI/IMI/ISaLLMFI BpemMeHn 1 oNnTesibHOCTU permcTpaumn TepMOI’EaMM ansa PaCrlpe,D,e}'leHHble,
IV/6 MpoekT OLEHKI [OMW M1aCTOB B MPUTOKE MO TEXHOMOM N (POH-BO3LENCTBIE- TOuEHLIE nru

'C no pesynsTatam TEPMOMETPUN

n3vepeHne

K Hanbonee KOHCepBaTUBHOMY BapUaHTy OLIEHKM
3KOHOMMNYECKOro ahdeKTa, Tak Kak He y4nTbiBasT

www.rogtecmagazine.com

wells. Gazprom Neft experience (In Russ.), Neftyanoe
khozyaystvo = Qil Industry, 2018, no. 12, pp. 34-37.
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COKpaLLEHne SKCyaTaumMOHHbIX Pacx04oB U
KOCBEHHbIN adhekT oT peanmsaunm ToveudHbix CHVIC.

MepcnekTmBbl ganbHeuLwero
MUCMOJSIb30BaHUSI CUCTEMbI OUCTAHLMOHHOIO
MOHUTOPUHra

B HacToswwee Bpems oia 60nblLIMHCTBA
POCCUNCKUXHEMTSAHBIX KOMMAHWIA,

paspabaTbiBatoLLmx 06bekTbl ¢ gonen TPV3 50

% 1 6onee, NHTENNEKTYaAIbHOE 3aKaHYBaHVe
BbICOKOTEXHOTIOMYHbBIX CKB2XKWH, a TakxKe yaaneHHas
LUMdpoBast HenpepbIiBHAA AMarHOCTVKA 3aD0MHbIX
napameTPOB OAKOT CYLLECTBEHHbIN 3dhexT 6narogaps
CHVDKEHWIO SKCMJTyaTaUMOHHbBIX 3aTpaT U YMEHbLLEHWIO
noTepb A06bI4M HeTU. [danbHenuee NoBbILLEHNE
adppekTrBHOCTV MW 1 ITONVIC B BbICOKOTEXHOIOMYHBIX
'C, a TakKe MoBblLLEHNE 3PDEKTUBHOCTI CaMom
paspaboTkM akTneoB ¢ TPIN3 cBsA3aHO C Nepexoaom
OT Pa3s0BbIX UCCNEAOBAHUI K OTOBPEMEHHbIM
MOHUTOPWHIOBbIM HABOAEHNSM pacnpeaeieHHbIMN MO
Bcemy ctBosly CUKIC. B HacTosiLLee BpeMst Hanbonee
NEePCNEKTUBHBIMU N3 HUX SBSIKOTCS OMTOBOJIOKOHHbIE
CUNC, aganTpoBaHHble 4N yaaieHHOro N3MepPEHUs
no BCEMY MPOMUIIIO CKBaXKMHbI TEMMepaTypsbl, a
TaKKe TO4EeYHO-pacnpeneneHHbIE OMTOBOJIOKOHHbIE
CUCTeMbI (Ha OCHOBe peLleTok bparra). TouewHo-
pacnpenenerHble CVC nHaMKaTopHOro Trna Ha
aTane nx onpoboBaHWs B «[ a3anpom HedTU» HE CMOI N
noaTBepOUTL CBOEWN HAOEXHOCTU W, BUOUMO, TPEDYIOT
3HaUUTENBHOM A0PabOoTKMK.

ns BO3MOXHOCTU npuMeHeHust CUC
pacnpeneneHHbIX TUMOB Ha 60J1bLLIEM YNCIE OOBEKTOB
HedbTenobbluM B paMkax KopropaTUBHOW NporpaMmb
TexHonorndeckonm CTparternmn BegeTcs npopadoTka
METOLOJSIOMMYECKON N TEXHUNYECKOW COCTaBAAOLLNX
MOHUTOPWHIOBbLIX UCCNeaoBaHU. Pe3ynstaToM 3Toro
aTana paboT O0/MKHA CTaTb BbipaboTka pekoMeHaaLmin
019 UX TUP&XKMPOBAHWS B YCIOBUSAX BYPEHUSI CKB2XKWH C
FOPU30HTasTbHbIM OKOHYaHNEM.

Kpome Toro, B Ka4ecTBe pasBUTUS pacnpeaesieHHbIX
TEXHOJIOMUIA pacCMaTPUBatOTCS U MPUHLIMAMAIBHO
HoBble Buabl CUIVIC, HampumMep, paspaboTaHHas
COBMECTHO co cneumanmctamu MTMO pacnpepeneHHas
TEPMOaHEMOMETPUSE HA OCHOBE OMTOBOJTOKOHHbIX
CEHCOpPOB (pacnpenenerHblie DTS B koMbUHaLMm

C TOYEYHBIMU U3MEPUTESBbHBIMK SNIEMEHTaAMN Ha
OCHOBE pelleToK bparra), a TakKe MHOMO- TOYEYHbIX
HarpesaTenen.

3akJiroyeHue

C TO4YKM 3pPEeHnA SHepFeTI/ILIeCKOVI 6e30nacHoOCTU CTpaHbl
aKTyasieH Nepexo, Ha KOHTPOJIMPYEMYIO 1 YNPaBsgeMyto
[06bI4y Yr1eBOAOPOOHOIO Chlpbs, rapaHTMPOBaHHO
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obecneynBaroLLyto NPOEKTHbIE YPOBHW 400bIYM
HedTK, 0OCOBEHHO B YCJIOBUAX Pa3paboTku
MecTopoXaeHn ¢ TPI3 ropnsoHTanbHbIMN
ckBaxkuHamu, 'C ¢ MITPT1, T'C ¢ nprMeHeHnem
VNHTENNEKTyasIbHbIX KOMMOHOBOK 3aKaH4MBaHus,
Bktodast CUNC. Tpu aToM HEOHXOAMMO

OTMETUTb, YTO B peannsaumm 4aHHOro NpoekTa
NepBOCTEMEHHYIO POJIb UMEKOT TEXHOIOMMYECKME U
NPOrpamMMHO-METOANYECKME HOBLUECTBA (pe3ybTaThl
MHTennekTyaneHom geatensHocTn (PU), paboTa
HaO KOTOPbIMW, B YACTHOCTU, MOCTOSIHHO BEAETCS

B JOYEPHUX CTPYKTypax «[asnpom HedTu». Ha

prc. 3 NOKa3aHo, Kak no 3amMmbIC/ly aBTO- POB
BbIFNGAUT UHTENIEKTYaIbHOE HAaNMOJSIHEHNE CUCTEMBI
ONCTaHUMOHHOIro MOHUTOPUHra. lpuryemM, Kpome

yXKe nmeroLerocsd B HayyHo- TexHndeckum LieHTpom
«["aznpom HedTK» NakeTa N3 CEMU NATEHTOB (CM.
Tabnavuy, pasgen l), NaTn akTyanbHbIX 3a89BOK

Ha 1300peTeHns, NOAaHHbIX Ha PACCMOTPEHNE B
Poc- MatenT B 2018 1. (c™M. Tabnuuy, pasgen ll), a
Takxke Wwectn coBMecTHbIx ¢ OO0 «[fasznpoMHedTb-
HosbpbckHedTerasreopmanka» NaTteHToB No AaHHOMY
HanpasneHuo (cM. Tabnuuy, pasgen i), B banmxaniiee
BpEMS MPeayCMOTPEHO co3aaHme n ohopMaeHmne
3HAYUTENIBHOIO YMCa AOMNOJIHUTEbHbBIX 3IEMEHTOB
PO (cm. Tabnuuy, pasgen V).
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