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AHHOTaUMA

B maHHoOM paboTe pacCMOTPEHbBI BOMPOCHI MOJTyHeHMSs

1 06PabOoTKM AaHHbIX 019 PA3/INYHBIX KOHLEMUMIA
VHTENNEKTYaIbHOro MECTOPOXXAeHMs. O6o3Ha4eHa
OCHOBHag NpobemMa NOCTPOeHWS 0bpaTHOM CBA3W AN1s
ynpaBfieHvs 0obbl4en yrneBoaopO40B U OCHOBHbIMM
pecypcamMn Ha MECTOPOXOEHNN — Mpobema
OOCTOBEPHOCTU AaHHbIX. [MokaszaH noaxom K oLeHKe
V3MEPEHNIN, OCHOBaHHbIN Ha MH(POPMAaLIMIOHHOM aHamM3e
MOTOKOB AaHHbIX, MOCTYNaKOLLMX OT USMEPUTENBHOIO
obopypoBaHus. PacCMOTpeHbl OCHOBHbIE (hakTopbl,
CYLLIECTBEHHO BNUSIOLLIME HA KAYECTBO MPOMbIC/IOBbIX
OaHHbIX. [MpennoXxxeHa MeTOAMKA 1 anropUTMbl,
NMO3BONSAIOLLME CHUBUTb HEOMPEOEEHHOCTH B
MPOMBIC/IOBbIX AaHHbIX A1 OO0OCHOBaHHOMO MPUHATUS
pPa3NYHbIX FE0JI0r0- TEXHOIOMMHYECKNX PELLEHNIA, YTO
NMO3BO/INT NOBBICUTb N3Y4YEHHOCTb MECTOPOXAEHWS], Kak
rMMAPOONHAMUNYECKOrO OObeKTA.

Mpobnema goOCTOBEPHOCTU NMPOMbICISIOBOMN
nHdbopmauummn
B HacToslee Bpems B cdhepe A00bIHN
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Abstract

In this paper the issues of obtaining and processing data

for various concepts behind the smart fields were reviewed.
It gave consideration to the major issue of establishing
feedback mechanisms to manage hydrocarbon production
and key resources in the field, that is, the data reliability issue.
The paper demonstrates a way to assess the reliability of
the measurements through information analysis of the data
flows acquiring from the instrumentation. It examines the
primary factors which largely influence the reliability of the
field data. The paper suggests a technique and algorithms
to shore up the reliability of the acquired information and to
keep uncertainty in the field data down to support a range of
geological and technological solutions that will increase the
exploration maturity of the field as a hydrodynamic object.

Issue of Field Data Reliability

These days there are a number of hydrocarbon
production issues that drain operator profits. High
uncertainty in the data used for decision making is one
of them [1]. Chiefly it is uncertainty in the field geology
and unreliability of the field data and in particular
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COMPLETIONS H

yrneBogopoOa0B CyLLECTBYET psg, Npobaem,
NPUBOOALLMX K CYLLIECTBEHHOMY CHVDKEHWIO MPUObIIN
HedTe006bIBaOLLX KOMMAHWM, OOHOW 13 KOTOPbIX
ABNSIETCS BbICOKas CTEMEHb HEOMPEOENEHHOCTH
OaHHbIX, UCMOMb3yeMbIX A5 NMPUHATUS peLueHnin [1].
Mpexae BCero aTo HEONPEAENEHHOCTA B Fe00Mmn
MECTOPOXOEHWS N HEAOCTOBEPHOCTL MPOMBICSIOBOM
MHOpMaLMK, B HACTHOCTN N3MEPEHUN AeONTOB MO
Kaxkaom 13 chas. B HacTosiLLee BpeMst TEXHONOMMYECKME
OaHHbIE NCMOMB3YKOTCS B OCHOBHOM OJ151 KOHTPOJIS
TEKYLLIEro COCTOSHUS 060pYA0BaHNS 1 noadopa pexxmma
€ro paboTbl, HO AENATCS NOMbITKN UCMOIb30BaTh

3Ty MHOPMaUMo 4Ns ONTUMN3aLIMN NCMONb30BaHNS
obopynoBaHud [ 2 . Takke 3TW AaHHble HECYT B

cebe KparHe BaXKHYHO MPOMbICIOBYHO NHMOpMaLIMIO,
CBSI3aHHYIO C MMOPOAMHAMUKON re0I0rM4eCcKoro
ob6bekTa — HehTerasoBoro pesepeyapa. byayun
OOMOJTHEHbBI FEORUINYECKMU NBMEPEHNSMIN CKBEKMH,
rMaPOANHAMNYECKMU NCCNEAOBAHNSMN PEXXMMOB
paboThl, KB, KBY, ot6opom npob u T. A., KOTOpbIE B
HaCTOsILLEee BPEMS UMEIOT CropaanyeCcKnii xapakTep,
3TV UCCNeaoBaHns Aann 6bl MCHEPMbIBAOLLYO
MHOPMaLIMIO O MMOPOANHAMNYECKNX XapaKTEePUCTNKAX
HebTera3oBoro pesepayapa.

3amepHble cucTeMbl. [10CKOIbKY pedb B AaHHOW paboTe
MAET O JOCTOBEPHOCTW AaHHbIX, MOJTYYEHHbIX MyTEM
YCTbEBbLIX 3aMEPOB, TO B MEPBYO 04epeb PAaCCMOTPUM
OCHOBHbIE MapameTPbl MPUMEHSIOLLMXCS 3aMEPHbIX
YCTaHOBOK (B ycnosusix 3anagHon Cubupu, roe passuto
KyCTOBOE OypeHre, MPUMEHSIIOTCS, B OCHOBHOM,
rPynnoBble 3aMepHble YCTaHOBKM — ['3Y), OCHOBHbIE UX
NOChI U MUHYCbI, KA4eCTBO 3amMepoB. PaccmaTtpurBas
YCIOBUS! TUMMYHBIX HEPTAHBIX MECTOPOXOEHNIA,
HaxXOASALLMXCS Ha MO3AHUX CTaausaX aKCnyaTaumm

1 coaepXKallmx NPenMyLLIECTBEHHO HN3KOAEOUTHbIE
CKB&XXWH, CTAHOBUTCS O4EBUOHBIM, YTO SKOHOMUYECKUIA
hakTop - CTOMMOCTb 3aMEPHOI YCTaHOBKM B MeEpecHeTe
Ha KaXXayto CKBaKMHY SBNSIETCS K/IKOYEBLIM MapaMeTpoOM
npw BbIOOPE MHCTPYMEHTA U3MEPEHMSL.

YCI0OBHO BCE U3MEPUTESbHBIE CUCTEMbI MOXHO
noapasaennTb Ha 3 rpynmbi:

1. [dByxasHble cenapaTopbl C ONpeaeneHem
0BBOAHEHHOCTY MPOTOYHBIM CKaHEPOM, MO0
nabopaTopHbIMK NCCEAoBaHUAMM MPo6. MoCh:
HEBbICOKAsi CTOMMOCTb M MPOCTOTa KOHCTRYKUMW. MUHYCbI:
ONCKPETHOCTb 3aMEPOB MPU KparHe HN3KOM TOYHOCTU
OCOBEHHO MPW BICOKOM Fa30BOM (hakTOpe 1 BbICOKOE
B/IMSIHME YenoBedeckoro dakTopa. B pesynstarte
CUIBHOIO BANSHNS BbILLIENPUBEAEHHbLIX (haKTOPOB Ha
OOCTOBEPHOCTb 3aMepOB NOA06HbIE YCTPOWCTBA He
obecnevBaeT MPUEMIEMYIO TOHHOCTb U3MEPEHNI.

2. TpexdasHble cenapatopsbl. [Ckl: 4OCTAaTOYHO
BblCOKasl TOYHOCTb €ANHUYHBIX 3aMepPOB. MUHYChI:
BbICOKasl CTOMMOCTb, MPOMO30KOCTb KOHCTPYKLN,
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measurements of flow rates per phase. Currently the
performance data is used mainly to monitor the current
equipment status and select its operating conditions
while some efforts are made to use this information to
optimize the equipment utilization [2].

This data also contains the essential field information
related to the hydrodynamics of a geological object,

the oil and gas reservoir. When supplemented with

well logging, well testing, pressure build-up curve, level
build-up curve, fluid sampling, etc., which are currently
conducted sporadically, this research would

supply wide-ranging information about the hydrodynamic
properties of the oil and gas reservoir.

Metering Systems. Since this paper talks about the
reliability of the data obtained by surface measurements
we would like to begin with the key characteristics

of the metering systems used (Western Siberia with

its extensive multiple drilling pads uses mainly group
metering stations, GMSes), their major advantages

and disadvantages and impact on the reliability of
measurements. If we review the conditions of the typical
oil fields at the later stages of their operation with almost
entirely marginal wells it will become obvious that the
financial parameter, the cost of the measuring unit per oil
well, is the central factor for selecting the measuring tool.

For our purposes all measuring systems can be divided
into 3 groups:

1. Two-phase separators that determine water cut with

a water cut meter or by laboratory testing of the fluid
samples. Advantages: Low cost and simple construction.
Disadvantages: Measurement discreteness and extremely
low accuracy for high gas volume factor and high
dependence on human component. The powerful influence
of the above mentioned factors, on the reliability of the
measurements does not provide for the adequate accuracy
of measurements.

2. Three phase separators. Advantages: Relatively high
accuracy of individual measurements. Disadvantages:
High cost, bulky construction, measurement discreteness
and need for highly qualified employees. Such devices
often also do not support the required accuracy of the
measurements.

3. On-line flow meters. Advantages: High accuracy of
measurements and continuous measurement capability.
Disadvantages: Extremely high cost, need for highly
qualified employees that further boost costs. Such
devices meet the requirements for reliable measurement
but their use is economically justified only for high rate
wells. By the same token they are not practical for
Russian circumstances. Dependence on the human
component is also not canceled out.
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OVCKPETHOCTb 3aMEPOB U MOTPEOHOCTL B
BbICOKOKBaIMULIMPOBAHHOM MepcoHasne. 3a4acTyto
Takue yCTPOMCTBA Tak Xe He obecnedmBaeT
OOCTaTO4YHYIO TOYHOCTb N3MEPEHUI.

3. [NpoTo4Hble pacxogomepsl. [Ck!: BbiCOKad
TOYHOCTb U3MEPEHUIN 1 BOSMOXHOCTb HEMPEPbIBHbBIX
3aMepoB. MUHYChbI: KparHe BbICOKasa CTOMMOCTb,
C/TOXHOCTb MOHTaXKa, HEOBXOOMMOCTb MPUBEYEHVS
BbICOKOKBaIMULIMPOBAHHOIO NepcoHana, YTo
CYLLIECTBEHHO MOBbLILLAET CTOMMOCTb. Takne ycTponcTea
obecneyvmBatoT TPEOOBaAHNSA K AOCTOBEPHOCTU
I/I3MepeHI/II7I, HO X NpnMeHeHne 3KOHOMNYEeCKN
OonpaBOaHHO NLLb Ha BbICOKOAEONTHBIX CKBaXKNHAX,
no3aToMy A1 BOMBbLIMHCTBA CKB2XKMH B YCTOBUSIX
Poccun He akTyanbHbl. Takke He UCKIYeH
4e1oBeYeCKu (hakTop.

OnpegeneHne KOMMNOHEHTHOrO COCTaBa CKBaXKVIHHOW
>KMOKOCTU Ha NPOTOYHOM PacXoooMepe, T. e.

6e3 BMeLLaTeNnbCTBa B MOTOK U pasneneHns das,
OOJDKHO 6bITb OCHOBAHO Ha M3MEPEHUN PUSNHECKIX
CBOWCTB cpefpl, KOTOpble CYLLECTBEHHO OT/INHAKOTCS
0151 OTOENBHO B3SThbIX KOMMOHEHT. B pesynbtate
npenBapuTeNbHON KaTMOPOBKU CTPOUTCS B3aUMHO
O[HO3Ha4YHOE COOTBETCTBME MEXIY N3MEPSEMbIMY
HUBNYECKMIN CBOMCTBAMM U KOMMOHEHTHBIM COCTABOM
cpenpl, AONOSHUTENBHO TPEBYETCH YHeCTb MeXda3Hoe
NpOCKab3blBaHNE.

KOMMOHEHTHbIE MOHUTOPbLI MOXKHO YCTIOBHO PasaesUThb
Ha HECKOJ1bKO Mpynn B 3aBUCUMOCTU OT U3MEPSIEMbIX
HONBNHECKNX XaPaKTEPUCTUK CPEADI:

e I3MepuUTENN SNEKTPOMU3NYECKMX CBOVCTB,

BKJTHOYAs ONANEKTPUHECKYHO MPOHULIAEMOCTb

N SNEKTPONPOBOAHOCTL. HenocpencTBeHHO
N3MEPSIEMbIMY BEIMUYNHAMU SBASIOTCS
3MIEKTPUHECKME CBOWNCTBA CEHCOPA, 3arO/THEHHOIO
cpenow — eMKOCTb W/ v NPOBOAVMOCTb, MOJTHbIN
SNEKTPUHECKUA MNEOAHC, PE30HAHCHbIE NapamMeTpbl
npwY BO3BY>XOEHUU CTOAUMUX BOJIH, KOS(DDULNEHT
nornoweHns OM caHTUMETPOBOro AvanasoHa 1 T. 4.

e IamepuTenn paguaumoHHbIX CBONCTB, BK/IKOYas
KO3 MOULIMEHTbI MOrMOLLEHNSA MOHUSUPYIOLLLIErO
nanyyeHus: y-keaHToB ( Daniel, Schlumberger, Haimo)
W HEMTPOHOB.

e /IaMepuUTENN ONTUYECKMX CBOWCTB, BK/IKOYAs
KO3 MDULIMEHT NPONYCKaHUS 1/ NN pacCesHUS ceeTa
VK omnana3sonHa (Premier Instruments).

e |/I3MepUTENI aKyCTUHECKMX CBOWCTB, BK/IKOHAs
CKOPOCTW Npobera akyCTUYECKMX BOSH U BEINHMHY
ocnabneHnst akyCTUYeCKNX konebaHnin,
OONIEePOBCKUIA COBUI U T. A,

DnekTpodmanyeckme 1 pagualmoHHble CEHCOopbI

4ypesBblYaHO YyBCTBUTENbHBI K U3MEHEHWIO
MVHepaM3aLmm Bopl, MOCKOJIbKY 3/1€KTPOMNPOBOAHOCTb
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Composition of the borehole fluid should be determined
by the flow meter, that is, with no interference in the

flow and phase separation, based on measuring

the physical properties of the medium which differ
significantly among its individual components. A definitive
interrelation between the measured physical properties
and composition of the fluid is generated based on a
preliminary calibration results with slip effects factored in.

Composition monitors can be, for our purposes, split up
in several groups contingent upon their measured fluid
physical properties:

e Electrophysical meters including measuring of
permittivity and electrical conductivity. The directly
measured parameters are electric properties of a
sensor filled with fluid: capacitance and / or
conductivity; full impedance; resonance parameters
for standing waves; absorption factor for super high
frequency EMI, etc.

¢ Radioactivity meters including measuring of ionizing
radiation absorption factors: y-rays (Daniel,
Schlumberger, Haimo) or neutrons.

¢ Optical meters including measuring of IR transmission
and / or scattering factor (Premier Instruments).

e Acoustic meters including measuring of acoustic
wave travel velocity and acoustic wave attenuation,
Doppler shift, etc.

Electrophysical and radioactivity sensors are highly
sensitive to fluctuations in water salinity since electrical
conductivity and absorption hugely depend on salt
content. A disadvantage of electrophysical and optical
sensors to some extent is their low sensitivity to the
liquid hydrocarbons / water ratio at high gas content.
Thus such meters can be used either together with

a composition meter of another type which identifies
specific gas content or as part of the two phase
separator flow meter where liquid is separated from gas.
The majority of industrial multiphase flow meters employs
a combination of component scanners with different
physical principals applying independent measurements
to mutual adjust them and determine the flow structure.

Summing up the above, we get that the metering
systems and metering techniques currently cannot
ensure a uniform reliability of the obtained data given

the financial considerations the higher the accuracy of
the metering system, the higher its cost and lower its
financial efficiency. For this reason, the development

of the existing data collection systems based on

the subsurface telemetry systems (STS) and group
metering station (GMS) is from both perspectives of data
processing technique and equipment upgrade.

Reliability of Field Data. Summing up the above
information on the metering systems we can state
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1 MOrMOLLAKOLLIME CBOMCTBA CUMbHO 3aBUCAT OT
KOHLIEHTpaLmn cofieit. HacTUYHbIM HEJOCTATKOM
ANEKTPOMDU3NYECKMX N OMTUYECKMX CEHCOPOB

ABNACSTCA HU3Kas HyBCTBUTENIbHOCTb K COOTHOLLEHMIO
XUOKNe yrneesoaopoab!/ Boa, Npu BbICOKOM
cofepkaHun rasa. MoaToMy Takme U3MepuTent MOXXHO
NCMONb30BaTh MO0 B KOMOMHALIMM C KOMMOHEHTHbIM
n3MepuTenem Opyroro Tuna, onpeaensaowyM yaensHoe
rasocofepykallpe, nnMbo B cocTaBe AByXdasHOro
cenapaTopHOro pacxodoMepa, rae XUOKoCTb
oTOenseTcs oT rasa. boMbLIMHCTBO NPOMBbILLIEHHBIX
MHOOasHbIX PACXOA0MEPOB UCMOL3YET KOMBUHALMIO
KOMMOHEHTHBIX CKaHepPOB Ha pasHbIX (DU3UYECKIX
NPUHLMNEX, NPUMEHSS He3aBMCHMble 3MEepeHUs 1
B3aVIMHON KOPPEKTUPOBK 1 OMPeaesieHns CTRYKTYPbI
noToKa.

PestoMmnpys BbILLEU3NOXXEHHOE, MOJly4aeM, YTO B
HaCTosILLEee BPEMS 3aMEPHbIE CUCTEMbI U METOAVKN
3aMepoB He MOryT 0becneynTb OONHAKOBYHO
OOCTOBEPHOCTb MOJTy4aeMom MHOpMaLMK MpU y4eTe
3KOHOMMYECKOI0 hakTopa: YeM Bblllie TOYHOCTb
CUCTEMbI UBMEPEHWNS, TEM BbILLIE €€ CTOUMOCTb U
HVDKE SKOHOMUYECKast ahEKTUBHOCTb. [1oaTomy
OYeHb aKTyaslbHO Pa3BUTKE CYLLECTBYIOLLIMX CUCTEM
cbopa nHopMaLIMy Ha OCHOBE CUCTEM MOTPY>KHOM
Tenemetpumn ( TMC) 1 rpynnoBbIX 3aMepPHbIX YCTaHOBOK
(T3Y) Kak ¢ TOYKW 3peHUsT METOONKM 0B6PabOTKM
MHopMaLmK, Tak 1 MOAepHU3aUMK annapaTtypbl.

LloCcTOBEPHOCTH MPOMBICTIOBOM MHGOPMALI.
0O606L1as8 NPUBEAEHHYIO BbILLE MHDOPMALMIO O
3aMepPHbIX CUCTEMAX, 3anM LIEM Kak MPsaMYLo, Tak 1
obpaTHyto 3aga4n, CBA3aHHbIE C YCTbEBbIMU 3aMepPaMU.
[MpeanonoXmMm, Hac MHTepeCcyeT HakKoneHHas 0obbIHa
Mo O[HOW CKBaXKMHE 3a CYyTKU. [119 OBYXKOMOHEHTHOMO
Tpexdhas3Horo NoTokKa B MPEANOAOXKEHUM NOCTOAHCTBA
rasoBoro gakropa ( 4To BEpHO 4719 60MbLUMHCTBA
006bIBAIOLLX CKBaXKMH) MOXHO 3anmcathb:

den.\' = qu;r (f) -dr

loe Qf'(;,,s CYTO4YHbIV 3aMep HakomneHHoM dasbl j (T.€.
Jj=1,2, TaK Kak Mbl MeeM aBe (hasbl - BOAy U HEPTb),
q,-j =g, 'S,-j MIHOBEHHbIN 0EOUT i-OM CKBaXKVHbI MO
naHHon dase.

B cBsI3K1 C OTCYTCTBMEM MIHOBEHHbLIX 3aMEpPOB UHTEerpa
B MpaBoW YaCTh YPaBHEHNS 3aMEHSIETCS MPOV3BEAEHNEM
4aCOBOro 3amMepa HakoMIeHHoM A06blYM Ha 3adaHHbIN
NHTepBas BPeMeHN B Yacax: At

erhu = zq:(F) : Sr-(F) <At

Foe q;,(F) u s;,(F) cooTBeTCTBEHHO yCPEAHEHHbIe
HaKOM/IeHHble NOKa3aTe N CKBaXKMHbI 32 CyTKM MO
YKNOKOCTU U YCPeOHEHHAs HACbILLEHHOCTb MO JaHHON
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a primary as well as a dual problem related to the
wellhead measurements. Let us suppose that we are
interested in the accumulated daily production of one
well. We write the following formula for the double
component three phase flow if we assume a constant
gas ratio (which is true for the majority of

producing wells):

den.\' = qu,-j (f) -dr
Where: ’

Qs is the daily measurement for the accumulated
phase j (that is. i=1.2 since we have two phases: water
and oil), g/ =g, - s/ is an instanteneous rate of the ith
well for this phase

Since no instantaneous measurements are available

the integral in the right hand member of the formula

is replaced with a product of the hourly accumulated
product measurement times the specified time period At
in hours:

den.\ = ZE(F) :(F) A!
Where:

q_,.(F) u ;(F) are an average accumulated daily
well performance for liquid and average saturation for
such phase respectively

F= {f1 1f2 ,f;} are empirical parameters that impact
the reliability of these measurements

f,» Human component that entails adherence to the
measurement schedule including compliance with the
set time periods and work scrupulousness (no fictious
records), measuring accuracy including following the
activity sequence, purposeful information distortion, or
exaggerated production, etc.

f,» Technology factor that covers the metering unit error
along with potential leakage, stray flows in the manifold,
reciprocal actions of the wells, unstable pump system
operation, etc.

f,» Hydrodynamic factor that comprises the fluctuating
operation of both individual wells and the field as a whole.

The reliability of the obtained information is hinged

upon the listed factors each of which affects the total
measurement error. Despite the high accuracy of the
recent metering systems they cannot rule out all the
three above mentioned factors but only lessen the
technology and / or hydrodynamic factor while obviously
not redressing the human component.
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daze, F ={f,,f,, [} amnvpudeckme haxTopsi,
BMSIOLLME HA JOCTOBEPHOCTb [AaHHbIX 3aMepOB.

f,= «4€n0BE4eCKMIN» (HaKTOP, KOTOPbIA y4nTbiBaET
CcobnodeHne pacnncaHnsa NPOBEAEHVS 3aMepPOB,
BK/1tOHasi COOTBETCTBME BPEMEHHBLIM MHTEPBaaM U
00BPOCOBECTHOCTb BbINOMHEHNSA PaboT ( HanM4ne
(OUKTUBHBIX 3anM1CeEN) , TOYHOCTb BbIMOIHEHWS 3aMepPOB,
BKJTHOYas cob1t0aeHVe NOCe00BaTENBHOCTU onepauui,
YMBILLJIEHHbBIE UCKaXKEHWS AaHHbIX - «PacnncbiBaHVe»
Oobblum U T. 4.

f,~ TEXHONOrNYECKNI (haKTOP, B KOTOPbIV BXOOUT Kak
MOrpPEeLLUHOCTb 3aMepHbIX YCTPOWMCTB, Tak U BOSMOXXHbIE
YyTEUKM, Napa3nTHbIE MEPETOKM Yepes NepektoyaTensb,
B3aMMHOE BJINAHNE CKBaXKUH OPYr Ha opyra,
HeCTabuNbHOCTb PaboTbl HACOCHBLIX CUCTEM 1 T. A.

f5~ TMapoaMHaMUYECKnA (hakTop, B KOTOPbIN BXOOUT
NyIbCUPYIOLLE PEXMMBI PabOThl, KaK OTAEbHbIX
CKB&XXWH, TaK 1 BCEr0 MECTOPOXOEHWS.

LoCTOBEPHOCTL NOSTyHaeEMOW NHOPMaLIMA 3aBUCUT
OT NMepeyncnerHHbiX hakToOpPOB, KaxKapl N3 KOTOPbIX
BJIUSIET HA UTOrOBYIO MOMPELUHOCTb N3MEPEHUN.
CoBpeMEHHbIe 3aMepHbIE CUCTEMbI, XOTH 1 06nagatoT
BbICOKOW TOYHOCTbIO, BCE >XXe HE MOTYT UCKJIIOHUNTD
cpagy Bce hakTopbl 13 BbILLE MEPEYNCIEHHbIX, a
MW MUHUMU3UPYIOT TEXHOIOMMHYECKNA U/ nnn
MMOPOONHAMNYECKUI, HO MO MOHATHBIM MPUYNHAM He
MOTYT YYECTb «4esI0BEeHECKUIn» hakTop.

[Npsamasa 3agadva popMynnpyeTcs cnenytoumm

06pa3oM — NMpu 3aMepax Ha CKBaXKMHE U CKBaXKMHAX
B YCJIOBUSIX KyCTa HEOOXOAMMO MUHUMM3UPOBATL TPU
hakTopa, HaNPAMYO BNSIOLMX Ha JOCTOBEPHOCTL
3aMepOB. 3TO BOSMOXXHO, KakK TEXHUYECKU, TaK U
MaTeMaTUYeCKN — UCMONb3ys cneunasibHble anropuUTMbl,
B OOLLUKMX YepTax, onncaHHble ganee. ObpartHas 3agada
— M0 U3BECTHOW TOUHOM CyMMeE KaxaoM U3 a3 ()
HeobxoOyIMO BOCCTAHOBWTb 3HAYEHUS TPEX (haKTOPOB

B 3aBMCUMOCTM OT BPEMEHM, YTO MO3BOUT ONpeaennTb
0ebnTbl MO KaXKOOW CKBaXKMHE. PellerHne npsmomn n
obpaTHOM 3a4a4n BaXKHO O/15 MOBbILLEHUST TOYHOCTU
yuéta HebTerazogobblym, MOCTPOEHNA MOOENEN
pesepByapoB U T. A.

NHdpbopmaumoHHasa cuctema

[MorpeLLHOCTb pasnNyHbIX U3MEPEHUN — MOHATHE,
TPaaVLIMOHHO OTHOCSILLIEECS K MeTpos1ornn. B aTtom
061aCTU CHVKEHVE NOMPELLIHOCTU OOCTUraeTCA

B OCHOBHOM TEXHUYECKMMU CPEACTBAMU —
YCOBEPLLEHCTBOBAHMEM 060PYA0BaHNS, U
MEeTOoAVKaMWN N3MEPEHUS!, HO 3HAYUTENIBHO pexe [3].
[Mpr N3MEPEHUSAX TaKOrO CIIOXHOMO NapameTpa, Kak
NOTOK MHOrOga3HOW MHOFOKOMMOHEHTHOW Cpedbl Ha
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Then the primary problem is to minimize three factors
that directly impact the reliability of measurements for
a well or a well cluster. It is possible both technically
and mathematically by utilizing the special algorithms
outlined below. The dual problem is to recover the values
of three factors depending on time with a known exact
total of each phase Q-ﬂ,,,_‘ that will allow us to calculate
production for each well. Solution of the primal and
dual problems is essential for increasing the accuracy
of metering in oil and gas production, creating reservoir
models, etc.

Information System

The error in the different measurements is a term that
traditionally belongs to metrology. This field reduces
error mainly though technical measures: equipment
advances but much less so through measuring
techniques [3]. When measuring such a complex
characteristic as multiphase multicomponent flow at
the wellhead of a producing oil or gas well the issue of
error is primarily related not only to the perfection of the
measuring instruments but the reliability of the created
physical model for the measured fluid and the device.
Thus it is reasonable to examine not the error of well rate
measurements but reliability of the measured information [4].

Periodic continuous rate measurements are utterly
important for settling the issues related to oil and

gas field development both locally and for the field

as a whole. We would like to emphasize that there

is an apparent relationship between the error and
resolution of the measuring system and its cost. That’s
why the problem of determining the reliability level of
information on well rates, accumulated production

and other characteristics measured and identified with
various devices is top-of-the-agenda. Such devices are
represented by a wide range of diversified measuring
systems based on both mixture separation and rate
measurements for each component and a vast number
of multiphase measuring instruments that operate with no
interference with the flow. The most common instruments
are the GMS’es simultaneously connected to several
wells via a hydraulic switching system and supporting
measurements with a toggled intermittent operation. Such
metering systems normally contain separators within them
but multiphase flow meters can be used as well.

Since data interpolation between measurements makes
a sizeable addition to the overall information picture

we suggest that quantitative assessment of metering
system efficiency is rooted in the information theory. The
most practical approach for identifying informativity of
the production monitoring system is a probabilistic one
using entropy as an information content measure, that
is, the number of bits required for coding a variable value
so that it meets the accuracy criterion [5]. It is clear that
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YCTbe A0ObIBAOLLEN HETErA30BON CKBaXKMHbI, BOMPOC
MOrPELUHOCTU OTHOCUTCS HE CTOMIbKO K COBEPLLEHCTBY
N3MEPUTENBHOW annapartypbl, CKOJIbKO K AOCTOBEPHOCTU
MOCTPOEHHOW (DU3NHECKON MOOEN N3MEPSEMOI Cpedb!

1 YCTPOMCTBA. [10STOMY MMEET CMbIC/T FOBOPUTL HE O
MOrPELUHOCTU N3MEPEHNIA AeONTOB, a O AOCTOBEPHOCTHU
n3mepsiemoit HopmaLm [4].

HenpepbiBHbIE HEMPEPbIBHbIE 3MEPEHNSA OEOUTOB
ABNSAOTCS KpaiHe BaXKHbIMW A5 PELLEHNS
BOMPOCOB, CBSA3aHHbIX C PaspaboTKoM HehTErasoBbIX
MGCTOpO)K,EI,eHI/IVI KaK JIOKaJ1bHO, TaK 1 014 BCero
MECTOPOXAeHWS B LesioM. O6patiiM BHUMAHWE,

YTO MMEETCS OYEBMOHOE COOTBETCTBME MEXAY
MOrPELLHOCTbLIO 1 paspeLlatoLLen CMOCOBHOCTbLIO
I/I3MepI/ITeJ'IbHOVI CUCTEMDbI N ee CTONMOCTbHO.
[MoaToMy cemyac akTyasibHa 3agada onpeneneHus
CTeNneHn OOCTOBEPHOCTV MHopMaLIMM O aebutax,
HaKOMNUTENbHOM O00blYe 1 OpYr1x NapamMeTpoB,
M3MepPeHHbIX 1 onpefesieHHbIX C MOMOLLIBIO Pa3JINYHbIX
YCTPOWCTB. 3TN YCTPOWCTBA NPeacTaBnsatoT cobom
LUMPOKWNA NapK pasdinyHbIX N3MEPUTESNbHbLIX CUCTEM,
OCHOBaHHbIX Kak Ha NMpUHLWNe pasaeneHns CMecu

¥ UBMEPEHNN OedUTa KaXKO0W U3 KOMMOHEHT,

Tak 1 60/1bLIOro KOJIMYeCTBa MHOroasHbIX
N3MEPUTENbHbBIX YCTPOWCTB, KOTOPbIE MPOBOASAT
M3MepeHns 6e3 Kaknx-nnbo BMeLLaTeIbCTB B MOTOK.
Hanbonee pacnpoctpaHeHHbIMK aanastoTes 3Y,
MOOKJIOHEHHbIE CPa3y K HECKObKM CKBaXKMHAM
4yepes rmapaB/INHECKYO KOMMYTUPYHOLLYIO CUCTEMY

1 obecrnevyrBaloLLe N3MEPEHUS B NMEPEKTIIOHYaEMOM
nepnogmn4eckKoM pexxmme. Takune 3aMepHble CUCTEMbI
06bI4YHO COAep>KaT B CBOEM COCTaBE CemnapaTopbl, HO
MOTIYT MPUMEHSATLCS 1 MHOrOda3Hble PacXoaoMEpbI.

[MOCKOMbKY 3HAYUTENbHbIM BKNA, B OOLLYHO
MHOPMALIMIOHHYIO KapTUHY Tako CUCTEMbI aeT
WMHTEPMNOASLMS OaHHBIX MEXAy 3amepami, Mbl
npegiiaraeM aenatb KONYECTBEHHYHO OLIEHKY
3PEKTNBHOCTU 3aMEPHbBIX CUCTEM, OCHOBbIBasICb
Ha Teopun MHopmaumn. Hanbonee npriemMnemsiin
noaxon, oNs onpeaeneHns MHAOOPMaTUBHOCTY
CUCTEMbI MOHUTOPUHIa 406bI4Y — BEPOATHOCTHbIN, C
NPWBAEYEHNEM SHTPOMUN KaK Mepbl MH(DOPMAaLIVIOHHOW
8MKOCTW, T. €. KosiyecTBa bUTOB, HEODXOAUMOIro
0151 KOAMPOBAHMS 3HA4YEHNS MEPEMEHHOM, YTODbI
OHO YyOOBNETBOPSANIO TPEOOBAHNAM TOYHOCTU [ 5] .
OueBNOHO, HYTO UCTOYHNKOM MHOPMaLN ABIAETCS
N3MEHEHME XapaKTePUCTUK CUCTEMbI 0OObIYN.
MosToMy NOTOK MHOPMaLMK O CUCTEME A06bIHN

I (¢, O, Ar) eCTb PyHKUNS Bpemenu (1), Tpebyemoro
paspelleHns CUCTEMbI MOHUTOPKHIA (O) 1 BPEMEHHOM
3aEePXKMN Mexxay namepeHuamn (Ar). B obLuem criydae
cUcCTeEMa MOHUTOPWHIA He MO3BOJISIET BOCMPUHMMATb
BCIO MHOopMaLnio 06 N3MEHEHVSIX CUCTEMBI

0006bI4K, NO3TOMY A5 KOJIMYECTBEHHOMO CPaBHEHWS
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the source of information is a change in the production
system performance. In this view, information flow from
the production system I (¢, 6, Ar) is a function of time
(9, the required resolution of the monitoring system (0)
and a time lag between measurements (Az). Generally
speaking, the monitoring system does not support
sensing all the information about the changes in the
production system so the information losses dI should
be calculated to numerically compare the efficiency of
different monitoring system [6]:

dl =" 1.(6,6.A0)-At=2"0(t, Sy ) 11" (8,84 Aty )+ Aty 20

Where:

lij is steps in time, Alpy, is a time period between
measurement; O, is the instrument resolution;
1™ (t,8,, ,At,, ) is the information flow of the
instrument 77(f, 0, ) is the information sensing
function that factors in event superposition and takes on
avalue of 0 < p(t, Spy) <1
I, ==Y p/log, p,, 20 p,

o)
Where: p, is the probability of occurrence for the set value

Qi

The ultimate aoal of flow metering system desian is
to maximize n(t, &,,) u 1™ (,5,, .At,,) 10
minimize the information losses dI which are linearly
proportional to the method error of the monitoring
system.

Since information is generated upon any changes in
the production system the information capacity of
the monitoring system can be boosted by performing
measurements only on the wells with changes. It

will help to satisfy one of the crucial requirements to
the measuring system: the opportunity to accurately
determine time of any event occurrence, the reasons
behind it, location of the source within the field, and
assessment of its scale.

Measurements with switching between events. Up-to-
date GMS’es are meant for performing measurements
on several wells within one cluster but errors brought
about by information omissions in such a case will pile
up since y/n, where n is the number of wells and a total
error of the accumulated production, will upsurge.

The solution to this problem is to increase the
frequency of switching between the wells. Yet this
frequency is, in fact, limited by both serviceable life
saving considerations for the hydraulic switch and a
duration constant for separation. Any events in the
wells will be identified with a time lag comparable with a
duration of a complete switching cycle for all the wells
in a cluster.
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3PPEKTUBHOCTU Pas/INYHbIX CUCTEM MOHUTOPUHIA
BbI4NCIAOTCSA MHDOPMaLMOHHBIE NoTepw dI [6]:
dl =Y 1.(t,8,A0 - At=>"n(t, 8 ) 1M (1,8, At ) Aty >0

Foe t;; - warvi no BpemMeHu, Aty - BDEMEHHOV
VHTEPBaT MEXXAY UBMEDEHUAMY; O, - PasdpeLLeHne
vameputens; 1M (¢,8,,, ,At,,, ) - MHPOPMALMOHHBII!
MOTOK U3MepUTenst; 5(t, J,,,) - PYHKUUS BOCMPUSTS
MHopMaLMK, KOTopast YHUTLIBAET HANIOXKEHWE COObITUM
Vi NpUHUMaET 3Hadenns 0 < z(t, d,,, ) <1
I, = _z p;log, p;, 20e p,

o)

- BEPOATHOCTb NosABJIEHNA 3a4aHHOIo 3Ha4eHnA Q:’.

KoHeuHas Liefb NMPOEKTUPOBAHNS CUCTEMbI
pPacxo4oMEeTPUM — MaKCUMMU3NPOBATb

nt, 6p) u 1M(t,6,, At

4TOBbI MUHUMN3NPOBATbL NOTEPY NHDOPMaLMK dI,
koTopble ),(FMtén ),,(FMFMFMrttIAS Mockonbky
MHbopMaLIMS reHePUPYETCH MPU BOSHNKHOBEHW KaKMX-
NnbOo M3MEeHeHWM B JOObIBAOLLEN CUCTEME, TO MOXXHO
CYLLECTBEHHO PaCLUMPUTL MH(OPMALIMOHHYKD EMKOCTb
CUCTEMbI MOHUTOPUHIA, MPOU3BOAS N3MEPEHUST TONTBKO
Ha TeX CKBa>KMHaX, Ha KOTOPbIX MPOUCXOOSAT N3MEHEHMS.
OTO NO3BONUT YOOBAETBOPUTL OAHO N3 BAXKHbLIX
TpeboBaHU K U3MEPUTENBHOM CUCTEME — BO3MOXXHOCTb
OOCTOBEPHOIro onpeaeseHns MOMeHTa BO3HUKHOBEHNS
Kakoro-mbo cobbITus, MPUYMHBLI €r0 BO3HUKHOBEHUS W
MECTOHAXOXKOEHME UCTOYHMKA HA MECTOPOXOEHUM, a
TaKXKe OLEeHKN ero MacLutabos.

FM » M )

VI3MepeHVst C NePEKTIIOHEHVEM MO COBBITUSAM.
CoBpeMeHHble ['3Y npeaHadHaueHbl A9 U3MepeHui
Ha 06beaVHEHHbBIX B OAMH KYCT HECKOJIbKMX
CKBa&XKMHAX, OOHaKO MOrPeLLHOCTH,

We performed an information simulation study for a
system of hydrodynamically related facilities where
events of a certain type were prescribed. Since all the
flow properties in such a system can be calculated

and are known to any predetermined accuracy and
timing resolution we have an approximation of a
perfect measuring system with an unlimited information
capacity. We further reviewed an approximation of

an actual metering system recording a limited or
incomplete information range with a deliberately
reduced timing resolution and noises of various nature
added. Continuous thermobarometry at the wellhead
supplemented with a low accuracy flow measurements
and, finally, some data for the itemized component rates
from the GMS hooked up via a hydraulic switch were
selected as the measured parameters.

As an illustration, Fig. 1 shows a correlation between an
error in the accumulated production for a well system
and a cycle of the GMS switching between them.
Mathematical simulation demonstrated that the metering
system with an event switch can have a one order
lower total error for the accumulated production thus
eliminating the need for equipping each well with costly
meters since only one high accuracy cluster flow meter
is sufficient. Additionally, such metering system cuts the
wear of the hydraulic switch (isolation valves) down to a
required minimum.

Conventional algorithms based on exploring correlations
in the measured data [7] and identifying fractal
characteristics of time functions [8] as well as state-of-
the-art algorithms rooted in the competitive similarity
function [9] that supports factoring in of quantitative
assessment of various data accuracy can be used to
identify events by gauge readings

45
06YCIOBNEHHbIE MPOMYCKOM
MHbOPMaLWK, B 3TOM Cryyae R 40
HapacTaloT Kak /N, rae N — Ynico § S 35 )
CKBaKMH 1 CYMMapHas MOrpeluHocTs & 2 //
HaKOM/IEHHOI A0BbIUV - 3HAUMTENbHO § & 30 /
yBenunumsaeTcs. PelueHviem g2 o5 ,/
NOAO6HOM MPOGIEMbI CTAHOBUTCA 3¢
yBeNMYeHMe YacTOThbl NEPEKITIOHEHIN % £ 20
MeXOy CKBaXKMHaMu, O0HaKo B I g 15 //
[elICTBUTEIbHOCTU aTa YacToTa 22 10 /
orpaHmnyeHa Kak CoobparkeH1smm 23 &
SKOHOMWM pecypca rapaenmyeckoro = < 5 e o
KOMMYTaTopa, Tak 1 NOCTOSIHHOW 0
BPEeMeHun cenapaLuu. BoigsneHue 0 5 10 15 20

JOBbIX CODLITUN Ha CKBaXKMHAaxX ByaeT
NPOUCXOONTb C 3aAEP>KKOW Ha BPEMS,
COMOCTaBMMOE CO BPEMEHEM MOJSTHOIO
LMK NEePEKITIIOYEHNIA 019 BCEX
CKBaXKMH KycCTa.

YacTtoTa nepekntodeHunin, cyT. - Switching frequency, days

Puc. 1. HakonnenHas olwmbka B [obbide B 3aBUCMMOCTU OT Neproia 3aMepoB
Figure 1. Accumulated production error vs measurement cycle
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Hamu 6b110 NpoBeaeHO MHDOPMAaLIMOHHOE
MOAENMPOBaHNE CUCTEMbI MMOPOANHAMNYECKN
CBSI3aHHbIX OOBEKTOB, B KOTOPOW 3a4aBannchb

CcobbITNSA onpeaenéHHoro Tna. NockoNbKy B Takom
CUCTEME BCe MapamMeTpbl TEHYEHUS BbIHUCISIOTCS

1 N3BECTHbI C N0OON Hanepén 3agaHHON

TOYHOCTbBIO 1 BPEMEHHBIM Pa3peLLleHNEM, TO UMEEM
NPEUBVDKEHVE naganbHON N3MEPUTENTBHON CUCTEMDI

C HeorpaHM4eHHoOM NHPOPMALIMOHHOW EMKOCTbIO.
[anee 6b1110 pacCMOTPEHO NPUBVKEHWE PEANTbHOM
3aMEPHON CUCTEMBI, (PUKCUPYIOLLIEN OrPaHNYEHHBIN

W/ VA HEMOHBIA HABOP AaHHbIX C UCKYCCTBEHHO
YMEHbBLLIEHHBIM BPEMEHHBIM PaspeLLleHEM, Ha KOTOPbIE
ObINN HANOXXEHBI LYMbl Pa3HO06pasHON NpupoAs!. B
KayecTBe N3MEPSIEMbIX NapPaMeTPOB Obl/V BbIOpaHb!
HernpepbIBHbIE TEPMOBAPOMETPUHECKMNE NSMEPEHNS HA
YCTbSAX CKBaXKWH, OOMNO/THEHHbIE MOKa3aHNAMY PACXOA0B
HU3KOW TOYHOCTU, N HAKOHELL, OTAEeSIbHbIE faHHbIE
MOKOMMOHEHTHbIX AebnToB ¢ '3Y, NOOKIKHYEHHON YEPES
MMAPABINYECKNA KOMMYTATOP.

B kadecTBe npumepa Ha Puc. 1 npmuBegeHa owmbka

B OMPEeaeneH HaKOMMIEHHOM AOObLIYM MO CUCTEME
CKBaXKVH, B 3aBMCHMOCTM OT Nepmoaa NepexksItoYeHnin
F3Y mexay HUMK. MaTemaTuyeckoe MOAeMpOBaHE
rnokasasio, YTO 3aMepHas c1UcTemMa ¢ KOMMyTaLmen

Mo COBLITUAM MOXKET MMETb Ha MOPAA0K MEHBLLIYIO
CYMMAPHYIO OLLMBKY B HAKOMAEHHOW 00ObIHE, MOCKObKY
OOCTaTO4YHO TOJIbKO OAHOMO BbICOKOTOYHOIO KYCTOBOIO
pacxogomepa. Kpome Toro, Takas 3amepHasi cuctema
COKpAaLLAET U3HOC MMAOPaBANYECKOro KOMMyTaTopa —
3anopHOW apMaTypbl, 40 HEOOXOANMOro MUHUMYMA.

[ns pacnosHaBaHWs CobbITUIM MO NOKa3aHWsaM OT
OAaTUYMKOB BO3SMOXXHO MPUMEHEHME KaK TPaaMLIMOHHBIX
QITOPUTMOB, OCHOBAHHbIX Ha MOCTPOEHNN KOPPREIALMIA B
n3MepsieMbIxX OaHHbIX [7] 1 onpegeneHnn pakTasibHbIX
XapaKTEPUCTUK BPEMEHHbIX 3aBNUCMMOCTEN [8], Tak 1
MCMNOIb30BaHMEe HOBEWLLIVIX a/TTOPUTMOB Ha OCHOBE
OYHKLMN KOHKYPEHTHOIO CXOACTBA [9], MO3BOASIOLLMX
BBOOUTb KOJIMYECTBEHHbBIE OLEHKN LOCTOBEPHOCTU
Pa3NYHbIX OaHHbIX.

Cuctema aHanusa u 06paboTku NPOMbICISIOBOW
nHdopmauummn

Eme OQHNM Ba>XHbIM aClrnekKToM NnoCTpOEHNA

CNCTEMbI ABJIAETCA N3yHeHNe I'IpOMbICJ'IOBOI7I
MHopMaLMK, COaepKaLLen BOMbLLIOE KOMHECTBO
MPOMNYyCKOB N HEKOPPEKTHLIX BENNYNH OJ19 CO30aHUNA
KOHCONNAMPOBAHHOW CTRYKTYPb! AaHHbIX, FOTOBOW O/15
,qaane|7|u_|ero NMPUMEeHeHN4.

HecMmoTpsa Ha HECOBEPLLEHCTBO UMEKOLLIMXCS
N3MEepPUTENbHbBIX CUCTEM, BOBMOXXHA MaTeMaTn4eckas
06paboTKa TakmMx OaHHbIX A5 PELLEeHNs psaaa 3anad.
OTNNYUTENBHOW YepPTOM ONPOBOBAHHBIX PELIEHUN
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Field Data Analysis and Processing System
Another important aspect of system building is a study of
field information containing a large amount of omissions
and incorrect values to create a consolidated data
structure which is ready for further use.

Despite the shortcomings of the existing measuring
systems such data can be mathematically processed to
deal with a range of issues. A distinctive feature of the
tested solutions is an integrated approach to field data
including their analysis as a function of time and not only
as instantaneous or average values.

Data filtering and interpolation. Data can contain a large
amount of omissions and errors. The FRIS-ZET algorithm
based on the competitive similarity function [9] to fill in
the omissions and identify erroneous data is suggested
as a solution. The algorithm operates in the following
steps:

1. The most competent rows and columns are selected
to fill in the element from the original M*N size object

/ property matrix, which will later form a competent
submatrix consisting of the m, m < M, rows and n, n < N,
columns.

2. In the second step the parameters in the formula used
to predict the omitted element are adjusted automatically
and an expected error of the omitted element prediction
is assessed.

3. The element is directly predicted.

The software package in Fig. 2 calculates the competent
matrix (in its lower left part) and makes a prediction for
each cell. The algorithm can operate in either ways: by
filling in the omissions in the tables or checking the filled
out cells for their alignment with the common patterns of
the data array (potentially incorrect data are highlighted
with darker color in Fig. 2).

The advantage of the algorithm is the use of the competitive
similarity function that, from the entire data array, selects
only a small competent part most suited for filling in a
particular empty cell or identifying errors in the already
completed matrix [10] and adds a reliability checks for the
generated prediction based on the compactness value of
the competent matrix involved in the element prediction.

It helps to boost the speed and accuracy of the algorithm
operation compared to its existing alternatives.

This data processing stage ensures generation of data
with an equivalent error that can be used for further
calculations and developments: to create correlation
models, monitor and identify events, build hydrodynamic
models, search for linked objects, analyze data with
statistical estimates, etc.
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Puc. 2. MNpumep paboTsl anroputMa FRIS-ZET
Figure 2. Example of FRIS-ZET algorithm operation

1. g sanonHeHus

OaHHOro anemMeHTa 13

MCXOOHOW MaTpuULbl <06 bEKT-CBOMCTBO» pa3mMepa

M*N BbIOMpPAOTCS HaMbO1ee KOMMETEHTHbIE CTPOKM

1 CTONBUBI, 1 N3 HUX DOPMUPYETCS KOMMETEHTHAS
noamatpuLa, cocToawaa u3 m, m < M, CTPOK U n, n < N,
CTONOLOB.

2. Ha BTOpOM aTane aBToMaTU4eCckn NogomparoTcs
napameTpbl B hopmMysie, UCNOb3yeMOn ANs
npenckasaHus NponyLLEHHOro SnemMeHTa, 1
OLeHMBaETCH OXnaaemas oLmbKa npenckadaHns
NPOMYLLEHHOro 3/1eMeHTa.

3. BbinonHsetcs HenocpeacTBeHHO NnporHosnposaHne
aJiIeMeHTa

Ha Puc. 2 nporpaMmMHbI KOMNIEKC Ha BbIYUCSET
KOMMETEHTHYIO MaTpuLy ( BHU3Y CneBa) 1 CTpouT
NPOrHO3 KaXKA0W g4erkn. ANropuTM MOXXET paboTaTb
B ABYX PEeXMMaX: 3anosHaa npobenbl B Tabavuax nam
NPOoBEPSI 3arnoSIHEHHbIE S4ENKM Ha COOTBETCTBME
obuwmM WabnoHaMm MaccmBa AaHHbIX ( MOTEHUMaIbHO
HEKOPPEKTHbIE AaHHblE NOACBEeYMBAOTCA Ha Puc. 2
Bonee TEMHbIM LIBETOM) .

MpenMyLLIECTBOM anropuTMa SBSETCS UCMOJ1b30BaHME
YHKLMM KOHKYPEHTHOMO CXOACTBA, C MOMOLLIbIO
KOTOPOW 13 BCEro MaccyBa AaHHbIX BbIOMpaeTcs
TOJIbKO HEGObLLAA KOMMETEHTHAs YacTb, Hanbonee
noaxoaaulas aas 3anosIHEHNS AaHHOW MYCTOM KNETKM
WV OBHAPYXXEHNS OLLMOKK B Y>Ke 3anoaHeHHoM [10],

a Takxe BBOOANTCS Mepa OOCTOBEPHOCTV COENaHHOMO
NPOrHO3a Ha OCHOBE 3HAaYeHVS KOMMaKTHOCTU
KOMMETEHTHOM MaTpuLbl, y4aCTBOBABLLETO B
npeackasaHuy JaHHOro sfeMeHTa. 9TO NO3BONFET
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Further use of data. Preliminary data preparation and
selection of the representative “hydrodynamic events” will
allow producing more solid and consolidated data arrays
that can be used for solving high level integration issues
related to process optimizing.

Summary

The smart field is created through building and fine tuning
a feedback system for the execution units and measuring
systems for its flawless operation. This paper attempts

to approach the issues of forming the smart field basis
including software package development to implement
the expert system and multiphase flow metering system
to ensure the least information loss during measuring.
We plan to further clarify all of these issues including data
processing algorithms and an information approach to
the measuring system assessment.
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CYLLECTBEHHO MOBbLICUTb CKOPOCTb UM TOYHOCTb PaboThl
JaHHOIO anropuTMa Mo CpaBHEHME C CYLLECTBYOLLMMU
aHanoramu.

OT0T aTan 06paboTkM AaHHbIX 06ecneymBaeT

NnoJslydYeHne JaHHbIX C 9KBUBAIEHTHOWM MOMPELLHOCTbIO,
KOTOpPbIE MOMYT ObITb MCMOMIb30BaHb! A9 AaNbHENLLINX
BbIYNCNEHUI N MOCTPOEHUI - AN CO30aHNS
KOPPENSALMOHHBIX MOOENEN, MOHUTOPWHIA 1
pacno3HaBaHue cobbITUi, rMapPoaVHAMNYECKOrO
MOOENMPOBaHMS, NMOUCKa CBA3aHHbIX 0ObEKTOB, aHann3a
Ha OCHOBE CTaTUCTUYECKMX OLEHOK U T. [,

LanbHenlee nprMeHeHne gaHHblX. [NpoBegeHme
NepBUYHOM MOArOTOBKM AaHHbIX U BblAENEHNE
XapaKTEPHbIX «MMOPOANHAMUYECKMX COBBITUM» MO3BOUT
nosly4nTb 601€€ LieNbHbIE U KOHCOMANPOBAaHHBIE
MacCuBbl, KOTOPbIE MOXXHO MPUMEHSTL A1 PELIEHNS
3aga4 60nee BbICOKOrO YPOBHSA MHTErpauun, CBA3aHHbIX
C ONTUMU3ALMEN TEXHONOMMYECKINX MPOLIECCOB.

3aknto4veHue

[MOCTPOEHME NHTENNEKTYASTBHOIO MECTOPOXKAEHNS
COCTOMUT B CO30aHUM U HACTPOWKE CUCTEMbI OBPaTHOM
CBSI3M MEXAY UCMOSTHUTESTbHBIMU YCTPOMCTBAMM U
N3MepPUTENBHBIMU CUCTEMAMW O NPaBUIbHOIO
hyHKUMOHMPOBaHKMA. B aTom paboTe coenaHa

nomMbITKa 3aTPOHYTb BOMPOCHI (hopMMpPOBaHus taaunca
VHTENNEKTYaNTbHOrO MECTOPOXXAEHNS, BKIIOHASA
paspaboTKy NPOrpamMMHOro NakeTa, PeannayroLLero
3KCMEPTHYIK CUCTEMY, a TakKXXe CUCTEMbI MHOrO(a3HOW
pacxoqoMeTpUn, obecnevnBaroLLas MUHMU3ALNKO
noTepb MHoPMaLIMK NPV N3MepeHnsX. B ganeHenwem
Mbl NaHnpyem bonee NoapobHO OCBETUTL BCE 3TU
BOMPOChI, BKJIKOYasA anropUTMbl 06paboTKM JaHHbIX 1
VHMDOPMALMOHHBIM MOAXOM K OLIEHKE U3MEPUTENbHbIX
CUCTEM.
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