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Downhole Monitoring of “Smart” Wells
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3afava KOHTPOA NPOdWIA MPOTOKA 1 APYINX
napamMeTPOB B A0ObIBAIOLLIMX CKBaXK/HAX ABSETCS
HEOTBEMIEMOW MPU ONMTUMU3ALN 000bIYN HEPTY 1
rasa. B cratbe nsnoxkeHa KOHLENLMsA NOCTOSHHOrO
BHYTPUCKBXKMHHOIO MOHUTOPUHIA NHTEpBaa
nepdopaumn ENCTBYIOLLEN CKBaXKMHbI C MOMOLLIbKO
MOCTOSAHHOMO YCTPOWCTBA, CNOCOBHOrO U3MEPSThL C
BbICOKOW paspeLLatoLLE CMOCOBHOCTLIO psia, MapameTpoB
noToka (Temnepatypa, daBneHne, 06BOAHEHHOCTD,
pacxof, v T.4.) MOABELLEHHOMO K MPUeMy MOrpy>KHOro
OUH. MNutanne ycTponcTsa, a Takke nepegada AaHHbIX
Ha MOBEPXHOCTb OCYLLECTBSETCS YEPES CUCTEMY
TenemMeTpum Hacoca (0BbIMHO BXOASLLYIO B CTAHAAPTHYHO
KOMIOHOBKY).

BesepeHve

B HacTosLLee Bpems B HedhTEra3oBOM OTPaC/I aKTUBHO
Pa3BMBAETCA KOHLIEMLIMSA YMHOW CKBaXKMHbI, KOTOpast
3aKJIHaETCH B OCHALLIEHUM CKBaXXMH CPEOCTBaMM
KOHTPOJIA MapaMETPOB B PEXUME PEASTbHOrO BPEMEHW.
B naHHow cTatbe NnomaéT pedb 06 1UccneqoBaHum
OENCTBYIOLLMX CKBEXKVH B MPOLECCE 3KCnnyataumu, T..
NMEePMaHEHTHOrO CKBaPKMHHOMO MOHUTOPVIHIA, HALEEHHOIO
B MEPBYIO O4EPEdb Ha onpeaeneHe Npouien NpUToka
B VHTepBasie nepdopaLym aas A0ObIBAOLLX CKBAXKUH
[1]. Cevac npohrnn NpUTOKAa N3Y4HaroTCs METOAAMM
NG, T.e. CKBaXKMHA OCTAHaBNMBAETCS, MYLLWTCS,
M3BIEKAETCS KOMMOHOBKA U CMyCKaeTCs KabesbHbI
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The objective of production well flow performance

and other parameter monitoring is to optimize oil and
gas production. The article describes the concept of
continuous downhole monitoring of operating well
perforation intervals. This can be achieved through the
use of a permanent instrument capable of measuring flow
parameters (temperature, pressure, water cut, flow rate,
etc.) with high resolution. The instruments are attached
to the suction pipe of a submerged electric centrifugal
pump. The power supply to the instruments and data
transmission to the surface is provided by the pump
telemetry system (usually included in a standard BHA).

Introduction

Today, the oil and gas sector are actively developing

the smart well system. Smart wells are wells that have
instruments to monitor parameters in a real time mode.
This article will discuss a well survey conducted during
well operations, i.e. continuous downhole monitoring
aimed at determining the inflow profile in the production
well perforation interval [1]. The current method to
determine the inflow profile is well logging when it is
necessary to shut down the well, recover the BHA, run
the wireline logging equipment (comprising numerous
instruments), recover the equipment and redeploy the
BHA. This operation consists of at least three trips and
takes about a week. The logging equipment includes the
casing collar and perforation locator, natural rock gamma-
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COMPLETIONS H

KapOTa>KHbI KOMIMIEKC, BKITKOHAOLLMM LLVPOKMIA Habop
NHCTPYMEHTOB, 3aTEM KOMIMIEKC N3BJIEKAETCS U 06paTHO
CMyCKaeTcsl KOMMOHOBKA. B 0bLLel CIoXHOCTY faHHas
onepaLyist 3aHUMaET NOoPsiAKa HEAENN U BKITIOYAET Kak
MUHUMYM 3 CMyCKOMOOBbEMHbBIX onepaummn. B coctas
KapOTaXKHOrO KOMIMJIEKCA BXOOUT Kak MpPaBWo JIOKaTOP
MYdTOBbIX COEANHEHNIN KOJIOHHbI 1 30H NepdopaLin,
N3MEpUTENb ECTECTBEHHOWN raMmMa aKTVBHOCTW FOPHbIX
nopog, (019 NPUBA3KK MO FNybrHe Ha OCHOBaHNM OaHHbBIX
IK), ramma-nnoTHoMep cpeapbl, B/10K TepMObapoOMETPUN,
3NEKTPOMArHUTHbIN BNaromep. AlbTEPHATVBOW SBNSIETCS
aKTMBHO NpoABMraeMast KOHLEMNLMS YMHOrO XBOCTOBMKA,
MO3BOJIAOLLIErO CMyCKaTb B CKBAXKUHY BOJIOKOHHO-
OMTUYECKME N3MEPUTENbHbIE cucTeMsl (DTS, FBG 1 T.4.).

B naHHoM paboTe npeniaraeTcsa KOHLENUMS CUCTEMb
NepPMaHEHTHOIO BHYTPUCKBAXKHHOMO MOHUTOPWVHIA,
KOTOpas No3BONSET HAbMtOOATL 3a TEYEHNEM B
NHTEPBaUIe NepopaLmn B peasTlbHOM BPEMEHN B
OENCTBYIOLLEN CKBaKMHE 63 HEOOXOOMMOCTM OCTAHOBKM
1 CryCKa CrneunasibHOro KapOTaxKHOrO KOMMJIeKca. ITO
O3Ha4a€eT pasMELLIEHNE B CTBOJIE CKBaXKMHbI Habopa
[AaTYMKOB, NOABELLEHHbIX Kak rpasHaa nog, SLH.
Hanbonee geLleBon B peanms3aumm 1 B TO XXe BPeEMS
O4eHb MHDOPMAaTUBHOW ABSETCS pacnpenenéHHas
TEPMOMETPUS — UBMEPEHME NPOUa TeMnepaTypbl B
CTBOJIE OENCTBYHOLLIEN CKBaXKWHbI. Byay4m 0ononHEeHHON
AKYCTUHECKUMN JaTuVKaMM MAOTHOCTU U 3M1EKTPOMAr HATHBIM
B1aroMepOM AaHHas 3MepUTesbHasi cUcTema

CTaHOBUTCS MOLLHBIM MHCTPYMEHTOM )19 onpeaeieHns
MOKOMMOHEHTHOIO MPONAA MpUTOKA. [ UTaHre 1 nepenaqa
[aHHbIX OT UBMEPUTESTBHOM CUCTEMbI OBECTEUMBAETCS
yepes KabebHbIN KaHau MorpYy»KHOM TeneMeTpun SLIH,

T.€. 33[eNCTBYET YKe MMetoLLIEeecst 060pynoBaHve 1 6e3
N3NLLHX CIOXXHOCTEN BCTPAMBAETCA B ASUCTBYHOLLME
cucteMbl ACYTTT Ha MECTOPOXKOEHM.

AKTyasibHOCTb

OnpeneneHvie Nponnen NPUTOKA B 3KCrJTyaTalUMOHHbIX
CKBEDKMHAX SBIAETCS 3a4a4en, OT KOPPEKTHOMO
PELIEHNST KOTOPOW BO MHOTOM 3aBUCUT NPUHATUE
PELLEHNI MO MaKCUManbHO 3ddeKTVBHOM pa3paboTke
MECTOPOXOEHWIA HEPTU 1 rada v NPOBELAEHNIO
PaboT NO KanUTasIbBHOMY PEMOHTY KOHKPETHOM
CKBaDKMHbl. OCHOBHBIMW 334a4amMi, PeLIEHE KOTOPbIX
OCYLLIECTBAETCS MPW BbINOHEHW KOMMIEKCOB [VIC
ABNAOTCH:

1. BblpaBHmBaHs Mpoduisa NpuToKa.

2. MpoBeaeHNs PEMOHTHO-U30SIALMOHHBIX PAGOT A
610KMPOBaHMS ONpedeseHHbIX HTEPBAsIOB.

3. OnpeneneHre MakCUMasbHO OTAOAIOLLMX, a
clegoBaTebHo Hanbosiee NepPCneKTUBHbLIX 415
pPaspPaboTKM UHTEPBAIOB MPUTOKA UK HAOBOPOT
MOTEHLVAIbHO OMaCHbIX Ha MPeaMeT 06BOOHEHS.
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ray activity meter (depth positioning basing on GL data),
fluid gamma densitometer, pressure and temperature
measuring instrument block, and electromagnetic
moisture meter. The widely used alternative is smart liner
allowing running of fiber-optic measuring systems such as
DTS or FBG into the well.

This paper describes a continuous real-time downhole
monitoring system that is used to monitor the flow in

the well perforation interval and does not require well
shutdown or running special logging equipment. The
instruments string attached to the electric centrifugal
pump is lowered into the borehole. The cheapest and

yet very effective system is distributed temperature
logging, which allows temperature profile measurement

in the wellbore. When completed with acoustic density
transmitters and a electromagnetic moisture meter, the
system is a powerful tool to determine the flow component
profile. The electric centrifugal pump submerged telemetry
cables supply power to the instruments and transmit data-
equipment already in use and easily integrated into the
field automated process control systems.

Relevancy

Decisions on most effective oil and gas field development
or well workover depend on accurate determination of the
production well inflow profile. The logging allows to:
1.Stabilize the inflow profile

2.Conduct repair and isolation operations to isolate
certain intervals.

3.1dentify the most perspective producing intervals or
cut hazardous water intrution.

4.|dentify week or dead intervals that may be intensified
in future (acidizing, hydraulic fracturing, etc.) to increase
production.

Determination of producing thickness and inflow profiles
includes analysis of the inflow intervals and absorptions as
well as mandatory assessment of interval flow rates. The
inflow and producing interval composition, quantitative
assessment of interval flow rates by components in
produced water, oil or gas. Determined inflow profiles will
allow the set up and distribution of the produced fluid based
on the surveyed horizon thickness. Poor well cementation
or casing leakage may result in water intrusion into the
borehole and reservoir flooding. Since this may damage the
structure, a thorough study of the well physical parameters
and technical characteristics should be performed before the
interval water cut and absorption analysis.

Physics of the Measuring System

The temperature logging system records temperature
in a borehole usually connected to the producing
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4. OnpepeneHne cnabo OTOAOLLMX UM HE paboTaroLLX
VHTEPBa/IOB, KOTOPbIE B AasIbHENLLIEM MOIYT ObiTb
noaBep>keHbl paboTam No UHTEHCUVKALMK NPUTOKOB
(kncnoTHble 06paboTkn, P 1 T.n.) ¢ uenso
YBENYEHVIST JOObIYM.

CucTtema onpeaeneHnsa padboTatoLLUMX TOALMH W Npodunien
MpUTOKa Noapa3yMEBAET aHa/ING VHTEPBAUIOB MPUTOKOB

1 MOMIOLLEHW, BKITIOHAKOLLMIM 0693aTENbHYO OLIEHKY
NHTEPBASTbHbLIX pacxoaoB. CocTaB MPUTOKA W OTAAFOLLIMX
NHTEPBASIOB, KONMYECTBEHHAS OLIEHKA MHTEPBasTbHbIX
0eOUTOB MO KOMMOHEHTaM MPOAYKUUK, O0ObIBAEMOW

N3 CKBaXKVH — BOApl, HedhTW, rasa. OcHOBHas Liesb,
KOTOPYIO onpeneneHn Nponien NpUToKa - yCTaHOBKA U
pacnpeneneHe 0odbiBaeMoro dnomaa ¢ y4eToM MOLLHOCTU
1ccneayeMoro ropuaoHTa. [1oxas LieMeHTaLms CKBaKWHbI
NN HE FEPMETUHHOCTL 0OCaAHOM KOSIOHHLI MOTYT MPVBECTU
K MPOHMKHOBEHWIO BOApb! MO CTBOJTY CKBEXKMHbI U, Kak
CnencTene, K 0bLLemMy 06BoaHEHMIO nniacTa. [NogobHoe
rlary6Hoe BAVAHME MOXXET NPMBECTUN K BO3HVKHOBEHWIO
Pas3NNYHbIX OEEKTOB B KOHCTRYKLIMM, TaKM 06pa3om
TWAaTENbHOE U3YyHeHWE ON3NYECKNX CBOVCTB 1 TEXHUYECKIX
MapamMETPOB CKBaXKWHbBI AO/PKHO NpeaBapsTb aHam3
NHTEPBa/10B OGBOJJ,HeHI/Iﬂ W MOrnoLeHN4.

dunsnyeckmne OCHOBbI U3MEPUTESIBHON CUCTEMbI
TepMoMETPUS OCHOBaHa Ha perucTpaLm TeMnepartypb! B
CTBOJIE CKBKVHbI, OObIMHO CBA3AHHOW C MPOOYKTVBHBIM
nacTomM NepdopaLyOHHBIMN OTBEPCTUSAMU NN
OTKPbITEIM DUAETPOM. CheumanbHbIM MPeaMETOM
N3YYEHNS SBNSKOTCS VCKYCCTBEHHbIE MOS B UHTEPBasIax
NIAaCTOB, 3aKO/IOHHBIX MEPETOKOB 1 OP. MpY paspadoTke
MecTopoXXaeHU metogamu M.

[MpUMeHeHne TEPMOMETPUM:

1. Onpepnenervie HTEPBAIOB MPUTOKA (3aKadky) novaa;

2. OnpeneneHne 3aK0I0HHbIX MEPETOKOB hronaa;

3. OnpeneneHne MecT He repmeTundHocTy HKT 1 o6cagHom
KOJIOHHb;

4. OnpeneneHne BbICOTbl MOO4beMa LIEMEHTa 3a KOSTOHHOWM.

5. Onpenenenne BbICOTbI TPeLWH TP, ypoBHS dontoviaa B
CKBaXKVHE, MHTEPBAUTOB NepdopaLym nocne
npocTpena v ap.

B cpeoHeM BenM4MHa CTaTUHECKOro re0TEPMINYECKOrO
rpagveHTa NpubnnantensHo pasHa 0.03°C/m, ogHako
MOXKET CYLLIECTBEHHO BapbMPOBATLCA MEXAY parioHaMM
BBMAY Pa3/IMYHON TENONPOBOAHOCTY NMOpo, U NX
HacbILLAIOLWX DIFOVAOB.

Tepmorpamma B paboTatoLLEe CKBaXKMHE BYyOET OTpaxKaTb
BCe TerJsioBble BO3MYLLUEHNA CBA3aHHbIEe C Te4eHeEM
dntomaos B nnacTe 1 ckeaxkmHe. Co BpeMeHeM nocre
OKOHYaHVIS! AVHAMNYECKIX MPOLIECCOB (CKBaXKMHA
OCTaHOBJIEHA) TEMMEPATYPa B CKBaXKMHE CTPEMUTCS K
€01HOMY CTaTUHECKOMY pacnpeneneHmo.
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reservoir through perforations or filter. When the fields are
developed applying field logging methods, a special study
of artificial fields in reservoirs intervals, behind-the-casing
flow, etc. is required.

Temperature logging is used to:

1.1dentify fluid inflow (injection) intervals;

2.ldentify behind-the-casing flow;

3.1dentify leaking tubing string or casing;

4.1dentify top of cement.

5.1dentify fracture height, fluid level in the well, perforation
intervals, etc.

The average static geothermal gradient is approx.
0.03°C/m but it may vary considerably depending on the
rock thermal conductivity and fluids.

The operating well thermogram will show all heat
agitations caused by fluid flow in the reservoir and well.
When the dynamic processes stops (after well shut down),
the well thermal equilibrium occurs.

Adiabatic expansion of fluids and gases passing through
porous rocks and throttling lead to thermal effects.
Adiabatic expansion of fluids and gases accompanied by
a temperature drop has minor impact on temperature
fluctuations in the reservoir and downhole due to high rock
thermal capacity. Major downhole temperature fluctuations
occur during choking. The temperature fluctuation
intensity is defined by Joule-Thomson coefficient which is
a partial derivative of temperature T and pressure P at
constant enthalpy N.

_6T_ AV(l T(@V))
0P G, V\aT/p

During temperature logging, intervals of fluid inflow into the
well are identified based on temperature change relative
to geothermal temperature due to the Joule-Thomson
throttling effect and calorimetric mixing effect.

Gas expansion in the wellbore inflow interval is
accompanied by throttling effect means a negative
temperature anomaly occurs. Fluid inflow from the
reservoir usually causes heating.

Alternative Solutions
There is a wide range of temperature logging instruments
that can be divided into two groups:

Electric:
e Resistance temperature detector;

e Thermocouples
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BcnencTere aguabatnieckoro paclUMpeHmnst XXUOKOCTEN
1 ra30B MPpY NPOXOXKAEHWN Yepe3 NOPUCTbIE cpeab!

¥ BIMSIHWSA OPOCCESBbHOrO NMpoLecca HabtaarTca
TepMmYeckme adhdekTbl. AorabaTieckoe pacluvpeHmne
>KUOKOCTEN 1 ra30B, COMPOBOXOAIOLLEECS MOHDKEHNEM
TemnepaTypbl, HE3HAYUTENBHO BAINSIET HA TeMnepaTypHble
VIBMEHEHNS BHYTPW NacTa 1 3ab0eB OeNCTBYIOLLMX
CKBaXKVH BCNeacTBye 60/bLLON TENNOEMKOCTU CUCTEMBI
FOPHbIX MOPOL,. 3aMETHbIE N3MEHEHWST TEMMEPATYPbI Ha
3a0051X CKBaXKWH MPOVICXOANAT BCNEACTBME APOCCESIbHOMO
npouecca. [py 3TOM MHTEHCKMBHOCTb M3MEHEHVIS
TEMMEPAaTYPbl XapaKTepn3yeTcst KoahdLmMeHToM [xoyns
-ToMCOHa, KOTOPbIN MPEACTaBISET COBON YaCTHYHO
NPOM3BOAHYIO OT TemnepaTypb! T Mo AaBneHnto p npu
MOCTOSAHHOW aHTaNbMnK H.

_aT fflV(1 T(@V))
0P G, V\aT/p

[0 TepMOMETPUN NHTEPBaSTbI MOCTYMIEHNS

donaa B CKBaXKNUHY OTMEHaIOTCS MO UBMEHEHMIO
TemnepaTypbl OTHOCUTESILHO rE0TEPMUYECKON 3a CHET
apoccenbHoro adexTa [pkoynsa-TomncoHa 1 ahdexTa
KaJ10pUMETPNHECKOIro CMeLLIBaH4.

PacluvpeHne rasa B MHTEpBasIE NPUTOKA B CTBOJIE
CKBaXKVHbI COMPOBOXXOAETCH MPOSABMEHNEM OPOCCESBHOIO
adhdekTa - NoABASETCA OTpULATENIbHAA aHOMa TS
TemnepaTypbl. [MPUTOK »XXMOKOCTY U3 niacta 0bbI4YHO
COMPOBOXOAETCH HArPeBaHNEM.

CyLuecTBytoLme aHasorm

LN TepMOMETPUN MPUMEHSETCS LLMPOKUA CNEKTP
VNHCTPYMEHT&UTBHBIX PELLEHNIA, KOTOPbIE MOXHO
nogpasnesnMTs Ha 2 rpynnbl.

SnekTpuyecKme OaTumKu:
* TepMOCOMNPOTUBIEHNS;
e Tepmonapbl;

OnTuyeckne gaTyivKn:

© BOMOKOHHO-OMTUYECKME pacnpeaenéHHble NHMN (DTS),
OCHOBAaHHbIE Ha TEMMEPATYPHOM 3aBUCUMOCTY 3dhhekTa
HEeynpYyroro paccesHns (PaMmaHOBCKOMO) OMTUYECKOrO
N3Ty4EHNSt B MHOrOMOLOBOM KBapLIEBOM BOJTOKHE;
CkKaHVpoBaHme Nno A/IMHE OCYLLEECTBISETCS METOOOM

e To4euHble BPETOBCKME N3MEPUTENN TEMMNEPATYPbI
1 oaenenHvs (FBG), ocHoBaHHbIE Ha 3aBUCKMOCTU
JIMHWW NPONYCKaHWA MHTEPMEPEHLMOHHOIO (ubTpa
— BPErrOBCKOW PELLETKM, OT AedopMaumm PeLLIeTKM,
OBYCIOBEHHOM KaK TEPMUYECKM PaCLIMPEHNEM, TaK
1 BHELIHUM MMAPOCTaTUYECKUM CxaTuem. B sTom
CJly4ae UCMosb3yeTcs OOHOMOLOBOE KBaPLIEBOrO
BOJIOKHO, Ha KOTOPOM METOLOM JIOKasTbHOro Harpesa
Ccepurer ONTUYHECKMX UMMYIbCOB MOLY/IMPYETCA
KOSMOPULMEHT MPENOMNEHMS (MEPEXOOp! MeXay
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Optical:

e Distributed temperature sensing systems (DTS) that
utilize temperature-dependent light (Raman) scattering in
multi-mnode quartz glass fiber;

¢ Point-by-point temperature and pressure Brag sensors
(FBG) that utilize dependence of interference filter
transmission line - Bragg grating on grating deformation
caused by thermal expansion or external hydrostatic
compression. The single-mode quartz glass fiber, locally
heated by optical pulses is used to modulate refracting
index (transitions between glass and crystal phases in
the heated area) that forms Bragg grating.

Widely used logging tools (NPF Geofizika, NIID-50 Sova,
PKF Geotech) are fitted with platinum RTD allowing
temperature measurement up to 280°C with resolution
up to 0.003°C and accuracy of +0.1 - 0.5°C. Digital
processing can improve the resolution to 0.00015°C
through extending the measurement period.

Raman spectroscopy based DTS allow temperature
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CTEKJTOBWOHON U KpUCTaIIMYECKOW dhasbl B 06/1aCTu
HarpeBa), CO3aaroLLMIAN BPEMOBCKYHO PELLIETKY.

LLInpoko npumMeHseMble kKapoTaxkHble nprbops! (HIMM
leodpmsmka, HANO-50 Cosa, MK 'eoTtex) ocHaLleHb!
NIaTVHOBBIM TEPMOCOMNPOTUBIIEHNEM, 0OECTIEHMBAIOLLIVIM
n3mepeHre Temnepatyp 0o 280°C ¢ paspeLleHmnem 0o
0.003°C v TouHocTho 0.1 - 0.5°C. MNyTéM umdpoBon
06pPabOTKN MOXKHO YJTYHLLINTL PaspeLLatoLLYyH CMTOCOOHOCTb
00 0.00015°C ueHoM yamMHeHNs BPEMEHW U3MEPEHWS.

BonokoHHo-ommuyeckme pacnpenenéHHbie anHim (DTS)

Ha PaMaHOBCKOW CMEKTPOCKOMNMY MO3BOISKOT paboTaTh B
CYLLIECTBEHHO 60JIee LLIMPOKOM Apana3oHe Temnepartyp — oo
700°C, 0OHaKO CYyLLECTBEHHO YCTyMNas Nno PaspeLLleHmto —
0.1°C npu namepeHnn abComtoTHbIX rpaameHTos 1 0.01°C
APV N3MEPEHNN OTHOCUTESNBHBIX USMEHEHI MPaOVIEHTOB
Temneparypbl, 1 TouHocTV — +0.1 — 1°C, obnagas
NPOCTPAHCTBEHHbIM padpeLleHmnem 0.25 — 1 M. B cBoto
ouvepeb TOYeYHble TEPMOMETPbI Ha BPEMOBCKIX PELLIETKAxX
(FBG) noseonstoT goctndb pagpetueHns oo 0.01°C npu uyTb
Takom »e TouHocTU £0.1°C, HO YyTb MEHbLLIEM OManasoHe
— 0o 300°C. Opend He npesbliwaeT 0.1°C/roa. OgHako Bce
BOJTOKOHHO-OMTUYECKME CUCTEMBI MOAPAa3YMEBAKOT, HTO
kabesb BbIBOAVTCS Ha MOBEPXHOCTb YepEe3 NybpukaTop
BbICOKOIO JaBMIEHWS HA YCThE U TOSTIbKO TaM MOAK/TKOHaETCS
K OMTuU4ecKoMy 610Ky pervcTpaummn. CKBaXKHHOMO
ncnonHeHns DTS- n FBG-peructpaTtopoB B HacTosLLEE
BPEMSI HE CYLLIECTBYET N HUKEM He paspabaTbiBaeTcs. Bcé
3TO CYLIECTBEHHO YBEIMHMBAET CTOVMOCTb N3MEPUTENTBHON
CUCTEMbI Ha BOJTOKHO-OMTUHECKUX JIMHMSIX, MOCKOJbKY
HE3aBMCVIMO OT MOLLIHOCTV MPOAYKTVBHOMO UHTEPBASA,
KOTOPbIN HEO6XOOMMO HaBMOAATb, OMTUHECKOE BOJIOKHO
HEOOXOAMMO MPOTSHYTL Ha BCHO MyOMHY OT YCTbs A0
NCCNEemyemMoro UHTepeana.

HecmoTps Ha 6osbLLYIO MprBiekaTeibHOCTb DTS, kak
HanmpuMep, BosIbLLas OAUCTaHLUMOHHOCTb U3MEPEHWIA
OTCYTCTBME KaKUX-NIMOO SNEKTPUHECKMX CUTHAIOB U
Lenen, ons peLleHrsa donblunHCTBa 3agad 'MC meTogamm
TEPMOMETPUN LAHHOE PELIEHME SBHO HE roauTCs B CUNY
HM3KOW paspeLLatoLLiEn CMOCOBHOCTU. [pumMeHeHe
OMTOBOJSIOKOHHbBIX CUCTEM KaK MPaBuio OrpaHnyYeHo
KOHCTPYKTMBHBIMN OCOBEHHOCTAMI CKBXKMHBI, 1
NPeanonaraeTCs MPUMEHEHNE T.H. <yMHbIX» XBOCTOBMKOB,
MOCTaBNSEMBIX PSOOM HEPTECEPBUCHBIX KOMMaHWNA,

KaK roTOBOE PeLLEHVE, KOTOPOE OAHAKO HEOOXOANMO
3aK1aaplBaTh Y>Ke Ha 3Tane CTPOUTEBCTBA CKBEKMHbI, U
HEBO3MOXKHO MPUMEHSTTb Ha YPKe OENCTBYHOLIVIX [2].

[ns 6apoMETPUM B YCIIOBUSAX CKBaKMHbI MPUMEHSAKOTCS
[aT4YKN, OCHOBAHHbIE HA TEH3OMETPUHECKOM (OaBEHME
BbI3bIBAET AehOpMAaLIMIIO XECTKOrO SJIEMEHTA, KOTOPas
N3MEHSIETCS TEH30AaTHMKaMI), MbE30PEINCTVBHOM
(oaBneHve BbI3bIBAET AEPOPMALMIO 1 UISMEHEHME
COMPOTUBIEHNST MOMYNPOBOOHNKOBOMO Aat4mka SOl)
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measurements in a notably larger range - up to 700°C but
have very low resolution, 0.1°C, while measuring absolute
gradients and 0.01°C while measuring relative variations

of temperature gradients and accuracy - 0.1 - 1°C. The
sampling resolution is 0.25 to 1m. Point-by-point FBG

has resolution up to 0.01°C with approximately the same
accuracy of £0.1°C and a bit lower range, up to 300°C. The
drift does not exceed 0.1°C/year. However all fiber-optic
systems assme that the cable is installed to the surface
through the wellhead HP lubricator and only then connected
to the optical recorder. Today downhole DTS or FBG do not
exist and are not currently being developed. Due to these
issues, the fiber-optic measuring system price is very high
as the fiber-optic cable length must cover the entire depth
from the wellhead to the surveyed interval despite of the
productive interval thickness.

Notwithstanding DTS advantages, such as long-distance
measurements and no electric signals or circuits required,
DTS with its low resolution is not suitable to achieve most
field logging goals. Generally, the use of fiber-optic systems is
limited by the well design and requires smart liners supplied
by a number of ail service companies as integral solution.
The systems need to be envisaged at the well construction
stage and cannot be used in already existing wells [2].

Downhole pressure is measured by instruments based

on strain-gage (pressure induces rigid sensing element
deformation measured), piezoresistance (pressure induces
deformation and changes in SOI resistance) and resonance
(pressure induces deformation of quartz crystal in alternator
circuit) technology. The most accurate and reliable of

these are resonance pressure instruments. The maximum
measured pressure is 10 to 150 MPa at resolution of 0.01 —
0.00005% of the full scale and accuracy of + 0.02-0.1% of
the full scale. The drift is max. +0.02 MPa/year. As mentioned
above, FBG measures temperature and pressure at the
same time, so the maximum pressure is 70 to 150 MPa at
resolution of 0.0002 MPa and accuracy of +0.015 MPa. The
optic sensor is much more reliable and the maximum drift is
+0.003 MPa/year.

Electrical media resistance sensors are used for downhole
moisture measuring. Generally this limits the water cut
operating range to 0-60%. Accuracy is as good as + 2% for
range of 0-30% and + 5% for range of 30-60% at resolution
of 0.03-0.1%. Despite low accuracy, this is sufficient to identify
water breakthrough and flooded intervals to be isolated.

Downhole flow measurements are usually performed using
turbine flow meters that measure linear flow velocity up to
15-50 m/min with sensitivity of 0.05-0.3 m/min (dynamic
range of 300-100), accuracy of + 2-5% and resolution of
0.1-0.15 m/min. Consequently flow rate is the product of
linear flow velocity in the turbine section area.

Proposed Solution
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COMPLETIONS H

N PE3OHAHCHOM (JaBfeHVe BbI3bIBaET AehopMaLmio
KpUCTaU11a KBapLia, BKITOHEHHOIO B HYaCTOTO3a4atoLLYIO
LieMb reHepaTtopa) NpUHLMnax. Havbonee To4HbIMM 1
CTabUNbHLIMA SBASIKOTCH UMEHHO PE30HAHCHbBIE AATUMKMN
naeneHns. MNMpenenbHoe U3MEPSIEMOE OABIEHVE MOXET
coctaenatb 10 — 150 MIa npw paspetueHmn 0.01 —
0.00005% OT nosaHoM Lkasbl, U TouHocT +0.02 — 0.1%
OT NOMHOW LKasbl. [pend 0BbI4HO COCTaBNSET He 6onee
+0.02 MlMa/roa. Kak BbilLie 66110 ckasaHo, FBG-ceHcop
N3MEHSIET Cpagy Nnapy NapameTpoB — TeMneparypy 1
OaBMeHne, TakM 00pa3oM MpeaesbHOE AaB/eHe
cocTtasngeT 70 — 150 Ml a npu pagpetueHin 0.0002 MlMa
1 TouHoCTM £0.015 MlMa. CTabubHOCTb OMTUHECKOrO
JaTunKa CyLIECTBEHHO BbILLE, 1 APENd He MPeBbILLaET
+0.003 MlMa/rog.

[ng BnaroMeTpun B YCIOBUSIX CKBXKMHBI MPVIMEHSIIOTCS
0aTUVKW SNEKTPUHECKOrO COMPOTUBAEHNS Cpedpl.

Kak npaBnio 3To OrpaHnymMBaET paboumin aanasoH
06BoaHEHHOCTY O — 60%. OBbIYHO TOYHOCTb OKA3bIBAETCH
He xy»ke £2% B amana3oHe 0 — 30% v +5% B amanas3oHe
30 - 60% npw paspeLueHnn 0.03 — 0.1%. HecmoTps Ha
HEBBICOKYH TOYHOCTb, STOrO OKa3bIBAETCHA OCTATOYHO
19 pacno3HaBaHNSA MPOPLIBOB BOAb! U BbiASIEHS
3aBOOHEHHDBIX NHTEPBASIOB, MOASIEXKALLIX U3OALIMN.

LebutomMeTpurs B CTBOSE CKB2XKMHBI OObIMHO
OCYLLECTBIAETCH TYPOUHHBIMK PacxogoMepamm,
MO3BOSIOLLMUN U3MEPSTTE JIMHEMHYIO CKOPOCTb MOTOKA A0
15 - 50 M/MVH ¢ noporom vyecTeuTebHOCTM 0.05 — 0.3 M/
MWH (OyHammyeckmin auanasoH 300 — 100) npy TOYHOCTY

+2 — 5% 1 paspeLueHin 0.1 — 0.15 m/MurH. COOTBETCTBEHHO
pacxop, NONy4aeTCsa YMHOXKEHNEM JIMHENHOM CKOPOCTU
MOTOKa Ha MoLaab CeHEHst TYPOUHBL.

Mpepnaraemoe peLieHne

[MNpennaraeMoe peLLeHe HaLENeHo B MEPBYIO

ouepenb Ha MOHUTOPVHE MPW 3KCM/TyaTaUy CKBaXKMH

C MEXaHN3MPOBAaHHBIM MPUHLMMNOM J00bI4K, T.€.
OCHaLLEHHbIX NOrpPY>XHbIM SLIH. MexaHusnposaHHas
[006bl4a LUMPOKO PacrpoCTpaHeHa Ha HepTerasoBbIxX
MecTopoxxaeHUsx 3anagHon Crnbuvpn. 30eck NnacToBble
ycnoBust 06bIMHO cocTaeatoT 90 — 110°C n gasneHns
0o 20 — 30 MIMa. MOLHOCTV MPOAYKTUBHbIX M/1aCTOB

10 — 30 m, riybuHa 3aneranms oo 2000 — 3000 m.

Mpy MexaHW3npPoBaHHOM A06bl4e 3a00NHOE AaBfeHNe
noabupatoT TakM 0BPa3oM, HTOObI N36eXaTb
pasra3npoBaHns M1acToOBOro hitomaa B HTepBane
nepdopaumn, 1 3To 0bbl4HO cocTaBnseT 10 — 20 MlMa.
[MnacToBbI oV NPeacTaBNSeT coOboM BOAOHEDTAHYIO
3MYbCUKD C OOBEMHBIM COAEP>KaHEM BOabl 40 60% 1
YMEepeHHbIM rasoBbiM dhakTopom ao 100 m%/T. Jedbunt no
>KUOKOCTW CUSIbHO BapbUPYETCS, HO He MpeBbILIaeT 20M3/u.
OHLI pacnonaraetcs Hag, HTepBaIoM nepdopaLmn Ha
Takon BbICOTE, YTOObI HA JaBNeHVe Ha Nojade Hacoca
(3a60MHOE 3a BLIMETOM MMAPOCTATUHECKOTO AABIEHUS

www.rogtecmagazine.com

The proposed solution is aimed at well monitoring

during operation in case of artificial lifting when electric
centrifugal pumps are used. Artificial lifting is widely used
in the Eastern Siberia oil and gas fields where reservoir
temperature is 90-110°C and pressure reaches 20-30
MPa. Productive reservoir thickness is 10 to 30m and
depth is down to 2000-3000m. The artificial lifting BHP is
set up to 10-20 MPa to avoid gas liberation from reservoir
fluid in the perforation interval. The reservoir fluid is a
water-oil emulsion with water content of up to 60% vol.
and conservative gas/oil ratio of up to 100m?/t. Fluid flow
rate varies considerably but does not exceed 20mé3/h. The
electric centrifugal pump is located above the perforation
interval at the height where the pump discharge pressure
(BHP net of water column hydrostatic pressure) ensures
optimal head and rate. It is usually 100-200m. Therefore,
the pump discharge pressure is below the gas liberation
point and there are gas bubbles in the fluid.

Metering and electronic units must be designed to 150°C,
30 MPa. Thus, the most profitable are the following
downhole measuring instruments (Fig. 1):

Wellhead Power and data
transmission cable
Submerged
glectric Flow meter
centrifugal pump Moisture meter

Density meter

Motor

Electronic
P/T unit instruments
T string Thermometer
Perforation
interval
P/T unit

Figure 1. Downhole Monitoring System

1.Discrete system consisting of the platinum RTD
string measuring temperature in the range of 0-150°C
with an accuracy of +0.3°C and resolution of 0.003°C.
The sampling resolution for the temperature profile
determination depends on the detector spacing and
size. Each reading requires min. 16 bit memory.

2. Thermoanemometric (thermoconductive) flow meters
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B 3SAKAHY/BAHVE CKBAXKINH

cTon6a XNOKOCTW) COOTBETCTBOBAUIO OMTVMYMY HArMOPHO-
pacxofiHON xapakTepucTuki. ObbIuHO 3TO cocTaBnsieT 100
— 200 M. TakuMm 06pa3omM, Ha NoJade Hacoca AaBneHne
OKa3bIBaETCA HVXKE TOYHKN pas3ra3npoBaHnL, 1 B XKNOKOCTU
NOSIBNISOTCS Ny3bIPbKY rasa.

V13amepuTebHbIe Y3Ibl U 91EKTPOHUKA OOMMKHbI ObiThb
CMPOEKTUPOBaHbI Ha pabo4vre YCoBKS: TeMrneparypa Ao
150°C, paBneHvie 0o 30 Mla. Takum 0bpasom, Hanbonee
LieNecoobpasHo cuMTaeM BHYTPUCKBAXKMHHYIO CUCTEMY,
BK/TOYAIOLLYIO CeaytoLLme N3MepUTeNbHbIe y3sbl, CM. Puc 1.

1. JVICKPETHYIO CUCTEMY U3 TMRMISiHOB! M1aTUHOBBIX
TEPMOCOMPOTUBIEHNI, 06eCTeUMBaIOLLMX N3MEpPeHIe

YCTbe CKBaXMHbI Kabenb nutaHus n

nepeaayn gaHHbIX

Morpy>xHomn [MpoTOuHbIN
OUH Pacxogomep

Bnaromep

[noTHomep

OnekTpopgsuraresb
OnNeKTpoHMKa
Bnok P/T

Mpnarpa T TepmoaHeMoMeTp

WHTepsan
nepcopauun

Bnok P/T

Puc 1. Cxema cuctembl BHYTPNCKB2XXNHHOIO MOHUTOPUHIA

TemMnepaTypbl B avanasdoHe O — 150°C ¢ TOYHOCTLIO

He xy>e +0.3°C n pagpeLueHmem He xyxxe 0.003°C.
[MpPOCTPaHCTBEHHOE pa3peLLeHe Npu onpeaeeHn
nNpodunns TeMnepaTypbl ONPEOeAETCs Y>Ke HaCTOTON
PAaCNONOXKEHNS OATHNKOB 1 OrPaHNYMBAETCS Pa3MEPOM
camMKx TEPMOOATUMKOB. [19 XpaHEeHNst KabKaoro
N3MEPEHHOrO 3HaYeHNst TpebyeTcs He MeHee 16 ouT.

2. TepMOaHEMOMETPUHECKNE PaCXOO0MEpPbI
(TEPMOKOHAYKTVBHbIE AEOUTOMEPDI), PACTIONOXXEHHbIE
Ha TOW »Ke caMOoW MMpAsiHAE TEPMOCOMNPOTUBAEHU, HO
y>Ke B 60/1bLUMM MPOCTPAHCTBEHHBIM LLIArOM.

3. To4euHbIn gaTyvk 3ab0MHOIo OaBNEHUS U TEMMNEPaTYPbI,
HaXOOALMICS HA HYPKHEM KOHLE MMPASHOb! O2THUKOB,
obecnewBatoLLMN N3MepeHne aBAeHUs OO 3HAYEHU
30 Mrla npwu To4HOCT He xy>ke +0.02% OT nosaHoM
LwKanbl (6 Kla) 1 paspelueHnn He xyxxe 0.002%
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included in the same RTD string but more spaced.
3.Point BHP and temperature instrument located at the
instrument string bottom end measuring pressure up to
30MPa with an accuracy of + 0.02% of the full scale
(6 kPa), and a resolution of 0.002% of the full scale
(600 Pa). Each reading requires min. 24 bit memory.

4. Turbine flow meter located directly under the electric
centrifugal pump with dynamic range of min. 100; upper
level depends on the well design.

5.Capacitance moisture meter connected to the flow
meter to measure specific moisture content in the range
of 0-60% vol. with resolution of 1% and accuracy of £5%.

6.Vibration density meter connected to the flow meter
to measure fluid density in the range of 0.7-2 g/cm?3
with resolution of 0.01%, accuracy of 0.1%, as well as
viscosity in the range of 1-100cSt

It is obvious that the main data generator in the system is
the RTD string. The string consisting of 20-100 instruments
installed every 0.5 m covers 10-30m monitoring intervals. For
a 1Hz sampling frequency, the data flow is (20 — 60) x 16 bit
x 1 Hz = 320 — 960 bps. Therefore, the proposed downhole
monitoring system requires communication line capacity of
min. 1Kbs. Today submerged telemetry systems utilize both
digital (PK Borets and IRZ TEK) and analog cable channels
(Electron and ALNAS) (can be integrated directly into the
permanent downhole monitoring system) that meet the
requirement.

As an option, the downhole monitoring system can

be supplemented by wellhead module that comprises
temperature and pressure instrument block, flow meter,
density meter, moisture meter, etc. Thus, known borehole
data, electric centrifugal pump parameters and wellhead
data can show the wellbore operation and make it possible
to make prompt decisions regarding development. The
integrated downhole and wellhead monitoring system is
the basis of the smart distributed system to monitor oil and
gas well cluster parameters as proposed in the document
[3]. It was demonstrated that such systems provide more
information and feature higher measurement accuracy with
only one accurate flow meter under shared access [4].

The downhole monitoring system equipment and design
mainly depend on the well capacity and equipment risks
[5]. Temperature logging sets high requirements of the
instruments and should independently operate under
severe conditions for a long period without the downhole
metrological performance degradation. All this necessitates
development of special downhole electronic instruments.
Special attention should be paid to EEPROM and powerful
batteries capable of working in high temperatures.
Commercially available flash-drive controllers have poor
wipeout block performance that requires high voltage to
reset the flash-drive, as they are. actually DC-DC converters.
A self-contained power supply is required in case of power
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OT NonHOM Wwkaubl (600 Ma). [ns XxpaHeHs Kaxxaoro
N3MEPEHHOrO 3HaYeHNst TpebyeTcs He MeHee 24 OuT.

4. PacxopomMep TyPOUHHOMO Tuna, PacnoOMeEHHbIN
HenocpeacTBeHHo noa, SLH, ¢ oaHaMmMyecKkm
avanas3oHoM He MeHee 100, BepxHWIA Mpeaen KOToporo

onpepnenAaeTcd BOSMOXXHOCTAMN KOHerTHOI7I CKBa>KVHbI.

5. Bnaromep eMKOCTHOMO TuMa, COMPSKEHHBIN C
pacxoaoMepoM, 0BeCnevBarOLLMA N3MEPEHNE
YAENBHOrO 06 BbEMHOIO BMIaroCOAEPKAHNS B XKMOKOCTY
B Avana3oHe 0 — 60% C paspeLleHremM He xy>xe 1% n
TOYHOCTU He Xy>ke +5%.

6. BUBpauUMOHHbBIN MPOTOUHbBIM MAOTHOMED, COMPSKEHHDI
C pacxoaoMepoM, 0BECTIEHMBAIOLLINA USMEPEHME
NJOTHOCTU CPefdpbl B AMana30He 3HaYeHNIA
0.7 = 2 r/cm® ¢ paspetueHrem 0.01% 1 TOYHOCTBIO He
xy>ke 0.1%, a Tarxke BsA3kocTV B ananasoHe 1 — 100 cCr.

O4eBNOHO, YTO OCHOBHbIM UCTOYHNK reHepaLv AaHHbIX

B [@HHOW CUCTEME ABNAETCS MMP/isaHa TEPMOOATHMKOB.
Mpw nHTepBane HabmoaeHns 10 — 30 M 1 YacToTe
pacnonoxenns 0.5 M, rmpasgHa Brtodaet 20 — 100
natunkoB. [Mpu vacToTe onpoca 1 'y, noyyYaeTcs MoToK
OaHHbIX (20 — 60) . 16 6wt x 1 'y = 320 — 960 but/c. Taknm
06pasoM, NpegsaraeMas CUcTeMa BHYTPUCKBXKHHOMO
MOHUTOPWHI MPenbsBiseT TPeOOBaHMS K MPOMYCKHOW
CMOCOBHOCTU NHUKM CBA3M He MeHee 1 KouT/c.
[MprMeHsieMble B HACTOsILLIEE BPeMs KabesbHble KaHaslbl
MOTPY>KHOM TENEMETPUN KaK LINDPOBbIE, HAMPUMED,
npon3soacTea NK «bopeL» 1 «P3 TOK», Tak n
aHaI0roBble, HaNMpUMEP, MPOM3BOACTBA «DEKTPOH» U
«AJTHAC» (MoryT BCTpavBaTtbes NpsmMo B [NM3/1) NOAHOCTHIO
YOOBNETBOPSAOT AAHHOMY TPEOOBaHIO.

BHYTPUCKBaXKMHHAS cUcTeMa OMLMOHABHO MOXKET
OOMONHATLCS YCThEBBIM MOY/IEM, BKITKOHAHOLLIM

610K TEPMOBAPOMETPIN, PACX0O0MED, MIOTHOMEP,
Braromep v T.4. Takm 06pas3oM, UMest AaHHbIe Mo
CTBOJ1y CKBaXKMHbI, MapameTpbl padoTsl SLH 1 aaHHbIe

C YCTbs1 CKB2XKWHbI, CTAHOBUTCSH BO3MOXXHbIM MOMYYTh
LIESTOCTHYHO KapTUHY paboThl CKBaXKMHBI 1 ONepaTBHO
MPVHAMATBL PeLLIeHNS Mo pa3paboTke. LlenoctHas crictema
BHYTPUCKBAXKMHHOIO 1 YCTHEBOTO MOHUTOPUHIA JTIOMXUTLCS
B OCHOBY VHTEIIEKTYa/TbHOW CUCTEMbI PacipPeaesiEHHOro
MOHUTOPWHIA MPOAYKTUBHbIX NMaPaMETPOB rRyMMb!
HedTerasoBbIX CKBaXKMH, Kak 3TO Obl10 MPeasIoKeHO

B paboTe [3]. PaHee 6bI10 NoKasaHo, YTO NoaobHas
cucTeMbl 06/1aaET CYLLIECTBEHHO 60/1Ee BbICOKOM
NHPOPMATUBHOCTbLIO 11 TOYHOCTHHO 3aMEPOB AaXKE MK
1CNOJIb30BaHMN BCEro OIHOrO TOYHOIo pacxogoMepa B
COBMECTHOM AocCTyne [4].

KomnnexkTaums 1 an3anH BHYTPUCKBaXKMHHOW CUCTEMbI
N3MEPEHMSE BO MHOMOM OMNPEesIeETCst CMOCOBHOCTHIO
N pUCKaMM KOMIMNEKTaUUN CKBabKWHbI [5]. MoCKobKy
TEPMOMETPUS MPEOBABNSET BbICOKME TPEOOBAHUS

K XapaKTep1CTUKaM OaT4MKOB, a CUCTEMa OOMMKHA
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loss on the surface just when important readings related

to electric centrifugal pump turbine stop are received and
recorded. Today high temperature Li-SoCI2 batteries are
used with operating temperatures up to 150/165/200°C and
capacity of 800/70/15 W/h respectively. Standard 100 W/h
NiMh batteries are suitable for up to 120°C temperatures.
High-temperature EEPROM microchips have 32Mbps
capacity and are suitable for operation in up to 2100C
temperature range.

Pressure instruments are not suitable for long-term
operations as the rigid sensor melts in high temperatures.
When the electric centrifugal pump is to be replaced or
inspected, the measuring system should be recovered
together with BHA and tested to find any defective
instruments to be replaced. SThe self-calibrating system
concept provides for redundancy of instruments and
measurements analysis to identify and adjust wrong empirical
values [6]. Thus it is possible to identify a defective instrument
and adjust its parameters.

Conclusion

The Article describes the feasibility of continuous downhole
monitoring of operating well perforation intervals using
permanent instruments capable to measure flow parameters
(temperature, pressure, water cut, flow rate, etc.) with high
resolution. The instruments are attached to the suction pipe
of a submerged electric centrifugal pump. The power supply
of the instruments and data transmission to the surface is
provided by the pump telemetry system (usually included

in a standard BHA). As an option, the downhole monitoring
system can be supplemented by wellhead module that
comprises temperature and pressure instrument block,

flow meter, density meter, moisture meter, etc. Thus, known
borehole data, electric centrifugal pump parameters and
wellhead data can show the wellbore operation and make

it possible to make prompt geological and engineering
decisions.

“Smart” wells need to include one of the downhole
monitoring systems proposed in this article.
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B 3SAKAHY/BAHVE CKBAXKINH

ABTOHOMHO DYHKLIMOHMPOBATE B AOCTATOHHO XKECTKIMX
YCIOBUSIX B TEHYEHNE ASIUTENBHOIO BPEMEHN 6e3
YXYOLIEHUS METPOSIOMMHECKIMX XapaKTEPUCTUK BHYTPU
CKBaXKVHbI, CHTAEM HEOOXOAVIMBIM CrieLaIbHYHO
pPaspPaboTKy CKBXKMHHOM S/1EKTPOHVKU. OCO60 BHUMaHME
TpebdyeTcs yaemTb pa3paboTK CUCTEMbI HAKOMIEHWS
OanHbX (EEPROM) n nctounmkos tatapenHoro

MUTaHKS, CNOCOBHBIX PaboTaTk 4/ IMTENBHOE BPeMs Mpu
MOBbILLEHHbIX TEMMEePaTypax. YTo kKacaeTcs KOHTPOIEPOB
dnew-namMsaTi, TO'y CEPUNHBIX N3OENIA BO3HVKAKOT
NPOBNEMbI C (PYHKLMOHUPOBaHMEM B10Ka CTUPaHMS,
KOTOPOE MPUKIIAObIBAET BbICOKOE HAMPSPKEHME )15
0BHyeHns Bioka dneL-namsmi, a1o no eyt DC-DC
npeobpasoBaTesb. Y3en aBTOHOMHOIO MUTaHWS HEO6X0OVM
Ha cnyya c6os NUTaHNs C MOBEPXHOCTA, B STOT MOMEHT
MOIYT BbITb MOJTyHEHbI U 3anUCaHbl BECbMa LIEHHbIE
[OaHHble Mo ocTaHoBKe TypbuHbl SLIH. B HacTosLee Bpems
CYLLIECTBYIOT BblcokoTemnepatypHble Li-SoCI2 ¢ paboueit
Temnepatypor 0o 150/165/200°C Gatapen EMKOCTHIO

0o 800/70/15 BT-4 cooTBETCTBEHHO. oy TEMMepaTypax
0o 120°C roparca NiMh 6arapen, obnagatoLLye
TMNOBbIMK emkocTamm o 100 BT-y. CyllectsytoT
BbICOKOTEMMEPATYpPHble MUKpocxembl EEPROM eMkocTbiO
32 MéuT 1 paboyen Temnepatypon ao 210°C.

CywiecTtByeT Npobriema 00NroBPEMEHHON CTabNIbHOCTY
OaTY/KOB AA@BMEHUS, MOCKOSIbKY B YCIIOBMSIX BbICOKX
TemMnepaTyp HauMHAET «MbiTb» CaM 3TasIOH XXECTKOCTU. Bo
BPEMS MTaHOBOM 3aMeHb! Ui peBuann SLIH 13snexkaeTcs
KOMIMOHOBKA CKBaXKVHbI BMECTE C U3MEPUTENBHON CUCTEMON
N MPOBOASTCS HEOOXOAVIMbIE MOBEPOYHbIE TECTBI C LIESHHO
BbISIBUTb, & 3aTEM W 3aMEHUTb JaTYVIKK, YTpaTVBLLIME

CBOV METPOJIOMMHECKINE XapaKTEPUCTIKIA. KoHLENLmS
CaMOKaIMOPYHOLLIENCS CUCTEMbI COCTOUT B YCTaHOBKE
3BLITOYHOMO KOMMHECTBA AATHNKOB W aHaM3a Habopa
N3MEPEHWIA Ha MPEAMET BbISIB/IEHNS 1 KOPPEKTUDOBKM
HEBEPHbIX 3HAYEH B HAGOPE AMMMPUHECKX AaHHbBIX

[6]. Takm 06pa3OM MOXKHO He TOMbKO BbISBITE COOMHbIA
OaT4/IK, HO 1 CKOPPREKTUPOBATbL EM0 XaPaKTEPUCTUKY.

3akJioueHune

B cTatbe paccmoTpeHa TexH1Yeckas BO3MOXXHOCTb
peanr3aumm NOCTOAHHOMO BHYTPUCKBAXKMHHOMO
MOHUTOPWHIA MHTepBana nepdopaumy OENCTBYIOLLEN
CKB2XXMHbI C MOMOLLbO MOCTOSHHOIO YCTPOMCTBA,
CNOCOBHOIr0 U3MEPSITh C BbICOKOW paspeLLatoLLEen
CNOCOBHOCTLIO P NapaMeTPOB MOTOKa (TEMMepaTypa,
naBneHve, 06BOOHEHHOCTb, pacxom 1 T.4.) MOABELLEHHOrO
K Mpuemy norpy>kHoro SLIH. MutaHre ycTponcTaa,

a Takke nepefada JaHHbIX Ha MOBEPXHOCTb
OCYLLECTBIAETCA YEPES CUCTEMY TEIEMETPUM Hacoca
(0BbI4HO BXOASLLYIO B CTAHAAPTHYHO KOMMOHOBKY).
BHyTprCKBaXKMHHaSA cucTeMa ONLVIOHASTbHO MOXXET
OOMONHATLCH YCTHEBLIM MOAY/IEM, BKIKOHAOLLMM B10K
TEPMOBAPOMETPUK, PaACXOOOMEpP, NIOTHOMED, BriaroMep 1
T.0. TaknM 0Bpa3oMm, MMES OaHHbIE MO CTBOJTY CKBaXKWHbI,
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of multiphase flow measurement data processing in
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napameTpbl PadoTbl SLH 1 aHHbIE C YCTbs CKBOXKWHDI,
CTaHOBUTCS BOBMOXXHbIM MOJTY4YNTb LIENOCTHYHO KapTUHY
PabOoTbl CKBaXKMHbI 1 ONepaTyBHO MPUHMMATL reos1oro-
TeXHONormdeckme peLUueHns.

Taknm 06pa30oM, KOHLEMLNS «yMHOW» CKBaXKWUHbI OO/MKHa
ObITb AOMONHEHA CUCTEMOW BHYTPUCKBAXKUHHOIO
MOHNTOPWHIa, 0aHa N3 BO3MOXXHbIX peanl/lsau,mm
NpPeaoXeHa B JaHHOW CTaTbe.
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