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B YCJIOBUSIX O/IMTENBHOW paspadboTK MECTOPOXAEHNS,
C LeNbto yBeNYEHNst NPOAYKTUBHOCTY CKBaXKMH
NMPUMEHSIOT pa3NNYHble re0NIoro-TEXHNYECKME
MEPOMNPUATUS NS MHTEHCUDVKaUmK npuTtoka. OaHn

13 HMX METOAOB ABAAOTCS NepdopaLOHHbIE PaboThbl
(nocTpen He NepdopPUPOBAHHOMO paHee MHTepBasa

1 nepecTpen yxxe padoTarollero). OcCob6eHHOCTbIO
AaHHOIo MeToa ABNAEeTCHA ero HeBblICOKasd CTOMMOCTb,

a NPOrHO3MpoBaHVe apdekTa MOXET NPOBOANUTCS MO
HEeBONbLLIOMY YACTY MCXOAHBIX NapamMeTpoB. YacTo
nony4YeHHbIn 3deKT OT MEPONPUSATUS HE COOTBETCTBYHOT
OXXngaemMomy, B CBA3N C HeM BO3HUMKAET HeO6XO,EI,I/IMOCTb
MPOrHO3MPOBaHNSA PE3YNBLTATOB C 60Iee BbICOKOM
TOYHOCTHbHO.

B npenctasnerHHom paboTe B ka4eCcTBe OObEKTA
vcenenoBaHus BblibpaH nnact 5B8 Nosxosckoro
MeCTopOXaeHUs. [JaHHbIN 06beKT BblibpaH B CBA3M

C [OCTaTOYHbIM 15 aHa/IM3a 06 beEMOM PaKTUHECKM
nNpoBeaeHHbIX AOCTPENOoB: 1376 MeponpuUaTUiA.
BbInonHeH MOWCK 3aBUCKMMOCTEN MEXAY BAVSIOLLIMM
napameTpamMm 1 sPAEKTUBHOCTLIO MEPOMNPUSATAN /15
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I_ong—term field development plans dictate that a
variety of well services are carried out in order to
increase well productivity. Perforation jobs (perforation
of previously unperforated intervals and reperforation)
are one of these methods. Perforation is relatively low
cost, and its effect can be predicted based on a small
amount of initial data. In some cases, the outcome of
an operation is not what is expected, and on this basis,
it is necessary to try to predict the results as accurately
as possible. The BV8 formation in the Povkhovskoye
field was selected as a research target for this paper.
The target was selected due to the volume (1376) of
reperforated jobs. The correspondence between the
influencing variables and the efficiency of the activities
was explored to build a mathematical model with the
use of standard “Data Evaluation” packages of MS
Excel and the “Data Mining” methods (regression of the
neural network, the linear regression) making it possible
to select candidate wells for certain types of jobs. The
approach applied in this research work can be employed
at other production facilities and fields, as well as in other
types of wells.
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FIELD DEVELOPMENT

MOCTPOEHNSA MaTEMATUHECKNX MOOESEN C MPUMEHEHNEM
CTaHOapTHOro NakeTa «AHanmM3 gaHHbIx» MS Excel v
mMeTofos Data Mining (perpeccus HeMPOHHON CeTy,
JNIMHENHAsA Perpeccus), MO3BOASIOLLIMX HAXOOUTb
CKB2XKWHbI-KaHOMOAaThl 4715 OnpeaeneHHbIX padoT.
Moaxon, MCnonb3yeMbii B paboTe, MOXKET ObITb
pPacnpoOCTPaHeH Ha Apyrie sKCryaTauyoHHble OO bEKTI
N MECTOPOXXAEHWS, a TakKe Ha APYrue BUAbl reosoro-
TEXHUYECKVX MEPOMPUATUN.

BeeneHune

B ycnosusix gnutensHom pa3paboTky MeCTo-
POXOEHWS C LIeNblO YBENTMHYEHNS MPOLYKTUBHOCTA
CKBaXKMH MPOBOAAT Pas/INyHbIE FE0SIOr0- TEXHNYECKNE
MeponpuaTra (M) No MHTEHCUUKaLWM NPUTOKA.
OOHUMN N3 HUX ABAAOTCA NepdOpaLOHHbIE PadoThI
(oocTpen He NepdOPUPOBAHHOIO paHee MHTepBaa

1 nepecTpen yxe padoTarollero). OCobeHHOCTbIO
OaHHOro MeTofa SBASETCS ero HEBbICOKAst CTOMMOCTb,
a 3(hHEKT MOXKET MPOrHO3MPOBATLCH MO HEOONBLLIOMY
YMCTYy UCXOOHBIX MapameTpoB. B HacTosLLee Bpems
HaKOMJIEH 3HAYUTENBHBIN 0OBEM MHDOPMaL

No MePONPUATUSAM OaHHOro Tuna. Llensto paboTs!
SABSIETCS MOVICK 3aBUCUMOCTEN MEXAY BAUSIIOLLIMM
napameTpamn 1 3hhEKTVBHOCTLIO MEPOMPUATII A5
MOCTPOEHNST MaTEMaTNYECKNX MOAENEN, MO3BOMAOLLIMX
HaxOAWTb CKBaXXUHbI-KaHOMOATb! 4719 ONpeneeHHOro
BMAa paboT Ha npumepe obbekTa BB8 MNoxoBCckoro
MEeCTOPOXXAeHNS. [1aHHbIN O6BHEKT BbiOpaH B CBA3N

C AOCTaTo4YHbIM ON15 aHaM3a 06 bEMOM (DaKTUYECKN
NpoBeAeHHbIX MeponpuaTuia: 1376 AOCTPENOB.

[TOBXOBCKOE MECTOPOXXOEHWE OTKPLITO B 1972 1.,
BBeEHO B pa3paboTky B 1978 r. MecTopoxxaeHue
HaxoanTcs B CypryTCKOM panoHe XaHTbl- MaHCUIMCKOro
aBTOHOMHOIO OKpyra TtoMeHckowm ob1actu, B 80 KM

oT . Koranbiva. B paspaboTke HaxoasaTcs OObeKTbI:
BB8, A4y 1 KOB1. MecTopoXaeHne MHOron1acToBOE CO
CIIOXKHBIM FE0NTOMMHECKUM CTPOEHNEM. He(hTEHOCHOCTL
YCTaHOBJIEHA B OT/IOXEHVAX METMOHCKOW,
Ba)KEHOBCKOW, BACKOraHCKOW 11 TFOMEHCKOWM CcBUT. o
BEINYMHE 3anacOoB MECTOPOXXAEHNE OTHOCUTCS K
KaTeropun KpynHbIx. Hanbonslwumnin 06bem 3a- Nnacos
NPUXOOUTCS Ha NPOAYKTVUBHbIN NaacT bB8, koTopbIn
XapaKTepPU3yeTCs CaMoW BbICOKOM MPOHULIAEMOCTbIO.
ObbekT BB8 aBnsgeTcs 0CHOBHbIM, ONpPeaenstoLLMM
006bl4y MecTopoxaeHus. OcHoBHag NoLLanp 0ObekTa
pagpabartbiBaeTcsa ¢ 1978 r. B HacTosLLEee Bpems
oT60p cocTaBngdeT 85,2 % HadabHbIX 3BNEKAEMBIX
3anacos (HW3) npn obBoaHeHHOCTM npoaykummn 89,5 %.
ObpaboTka cobpaHHOM HDOPMaL MO (PaKTUHECKM
BbINO/THEHHBIM [OCTPENaM BK/IKOHas1a: — MOCTPOEHME
MOoOeNen oig OLUEHKM MprpocTa aeduTa XXnaKocTy

N U3MEHEHWS OOBOOHEHHOCTU C MPUMEHEHNEM

nakeTa «AHann3 gaHHbIX» B MS Excel; — nocTpoeHme
Modenen ¢ ncnonb3oBaHeMm Metoos Data Mining
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Introduction

When a field is in long-term development, various well
services are carried out to increase well stimulation.
Perforation jobs are one of these methods, it is low
cost and it’s performance can be predicted with limited
data. The purpose of this work has been to search for
correlations between the influencing variables and the
efficiency of the activities, and to build up mathematical
models that make it possible to easily find candidate
wells for certain types of jobs, using the BV8 target of the
Povkhosvksoye field as an example.

The given target was selected due to the fact that it
has a sufficient volume of perf jobs for the analysis. The
Povkhovskoye field was discovered in 1972, and brought
into development in 1978. The field is located in the
Surgut district of the Khanty-Mansi Autonomous Area of
Tyumen region, 80 km away from the town of Kogalym.
The targets of BV8, Achimov and JV1 are currently
under development. The field is multilayered, with a
complex subsurface geology and oil-bearing capacity
was confirmed in the deposits of the Megion, Bazhenoy,
Vasyugan and Tyumen Suites. Judging by the size of
its’ reserves, it can be referred to as a “major” field.
The largest reserves are located on the BV8 productive
reservoir which is characterized with the highest degree
of permeability. The BV8 target is the core formation
that determines the total field production volume and
the target area has been developed since 1978. Total
recovery amounts to 85.2% of the initial recoverable
reserves, with water cut amounting to 89.5%. Processing
the data on the previously performed perforation jobs
comprised of the following steps: - model building to
evaluate the liquid rate value and changes in water
cut using the MS Excel “Data Evaluation” package; -
model building with the use of the Data Mining methods
(regression of the neural network, the linear regression) of
MS Azur MLS. The first stage comprised of the collection
and processing of the field geologic and engineering
data. 5810 perforation jolbs were performed. The
activities that matched the following specific criteria were
used for the analysis:
¢ the perforation jobs were not primary for a selected
well, although they were primary for a selected
interlayer (1653);
e the database contained additional perforation jobs
performed since the year 2000 (1256);.

e additional perforation jobs were carried out without
hydraulic fracturing operations (541);

e well shut-down period prior to additional perforation
jobs was not exceeding 1 year (420);

e additional perforation jobs were performed at the
producing well stock (213);

e additional perforation jobs were carried out with no
additional activities following them (195);
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(perpeccust HEMPOHHOW CETU, NIMHENHAs PErpeccus) B
MS Azur MLS. Ha nepBom aTane nccaenoBaHms obiim
npoBeaeHbl COoP 1 06paboTka reoI0ro-NPOMbICOBbLIX U
TEXHONOMYECKNX AaHHbIX N0 PaKTUYECKM MPOBEAEHHbIM
poctpenam. ObLee Yicno nepdopaLioHHbIX padoT
cocTtaBwio 5810. [ aHanm3a BbIOpaHbl MEPONPUATAS,
YOOBNETBOPSIOLLINE CNEOYIOLLMM KPUTEPUSM:

* nepdopaUVoHHble PaboTbl He ABASOTCA NEPBUYHBIMM
0151 KOHKPETHOWM CKBaXKMHbI, HO SBNSKOTCS NEPBUYHBbIMM
09 onpeaeneHHoro npocnos (1653);

* B 6a3y BKJIHOYEHbI [OCTPESIbl, OCYLLECTB/IEHHbIE C
2000 r. (1256);

* [OCTpesbl MPoBOAVNCE 6e3 rMapopaspbiBa niacta (541);

® Meprop, NPOCTOS CKBaXKMHbI Nepeq, MPOBEAEHNEM
OocTpena He npe.bilaeT 1 roga (420);

® NOCTPESIbl BbIMONHEHLI HA OOObIBaKOLLEM DOHOE
CKBaXKVH (213);

® [OCTPESIbl OCYLLECTBASINCE 6€3 NPOBEAEHNS
OOMNONHUTENBHBIX MeponpuaTui (195);

PerpeccuroHHble Mmofenu, NoflyyeHHbIH B pe3ybTare
BbINOSIHEHNS PaboTbl, NErko peanu3yTcs
MoOKasabIBalOT AOCTATOYHO BbICOKME KOIPDULNEHTBI
netepmuHauun. Noaxond, NCNonb3yeMbil B

paboTe, MOXEeT BbITb pacnpoCTpaHeH Ha apyrme
3KCnyaTauMoHHbIE OOBbEKTbI 1 MECTOPOXOEHWS, a
Tak>xe Ha gpyrve suabl ['TM

Vicxonsa ns dhopmynbl [Jionon, OCHOBHBIMY NapameTpamu,
BAUSIOLLIMMY Ha AEOUT XKNOKOCTU, ABNAOTCS:
TOJIWIHA, MPOHMLAEMOCTb MacTa, Aenpeccys,
KOHTYP MUTaHNs!, BA3KOCTb 1 CKUH-thakTop. Ons
NMOCTPOEHUSA MaTEMaTUHECKON MOOEIN OLEHKM OebuTa
YKUOKOCTW MPUHATBI NEPBbIe TPW NapameTpa BBy
BbICOKOW TOYHOCTW UX onpeaenerns. B ypaBHeHme
Takke 0o6aBfeH NapaMeTp — MaKCUMasTbHbIN

0EOUT XKMOKOCTU OKPY>XXAIOLLIMX CKBaXKWH, ONg

OLIEHKU (haKTNYECKOW MPOOYKTMBHOCTM niacTa. [Ons
onpeneneHs 06BOOHEHHOCTU MOCIE MPOBEAEHNS
MEPOMNPUATUS MPUHATLI CeaytoLLme NapameTpbl:
BE/IMYMHA TEKYLLIVX U3BIEKaeMbIX 3anacoB HedTu Ha 1
M TOJILLMHBI NacTa — YUYUTbIBAET TEKYLLEE HACbILLEHVE
nnacTa; 06BOAHEHHOCTb 40 MEPOMPUSTUS — YYUTbIBAET
BNUSIHME Y>KE NOOKIIIOUEHHBIX MPOCSIOEB B CKBaKMHE
Ha 3HayYeHVe 06BOOHEHHOCTM NOCE MEPONPUATIS;
MPUPOCT AebuTa XXUAKOCTU NOCe MepONpUATIS —
Y4YUTbIBAET B3aMMOBSIMSHWE (a3 BOAp! U HedbTn. B
nepByto ovepedb B JaHHOW paboTe paccMaTpuBaeTcs
MOCTPOEHME MOAENEN METOAOM NIMHENHOW PErpeccum
C UCMONb30BaHNEM BCTPOEHHOMO NakeTa «AHann3
OaHHbix» B MS Excel. CyTb perpecccun 3akoyaeTcs
B onpeneneHnn CTeNeHN BANSHNS Kaxxaoro 13
npegnosaraeMblx BAUSIOLLMX MapamMeTpoB X1, ...,

XN Ha 3aBu1cUMYtO NepemMerHyto Y. [lanee Haxooat
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The regression models obtained can be easily be
implemented and they demonstrate sufficiently high
coefficients of determination. The approach applied
in this work can be employed at other production
facilities and fields, as well as in other types of well
stock activities.

According to the Dupuis formula, the basic data values
having impact on the liquid rate level are as follows -
formation thickness, permeability, drawdown, external
reservoir boundary, viscosity and skin-factor. To build
up a mathematical model for evaluation of the liquid
rate level, the first three parameters were employed
due to high accuracy of their determination. One more
parameter, namely the maximum liquid rate from the
offset wells, was included into the equation in order to
evaluate the actual reservoir productivity. To determine
the water cut obtained after performed activities, the
following parameters were employed:

e The size of remaining recoverable reserves of oil per
1m of formation thickness — it takes into account the
current stratal water saturation;

e The water cut before the performed job — it takes into
account the impact the already connected interlayers
provide for the value of water cut after the activities
have been performed;

e The liquid rate increment after the performed activities
— it takes into account the mutual interaction of the
water and oil phases.

First of all, model building with the use of the linear
regression methods has been considered in the given
research work, with the help of the imbedded “Data
Evaluation” package of MS Excel. The essence of

the regression is in determination of the degree of
impact of each of asserted influencing variables X1,

..., Xn on the dependent variable Y. After that, the
regression coefficients Ki are to be searched, for the best
presentation of the liquid rate and water cut obtained
after performed additional perforation jobs [1-3]

r=3 Xk +b. 1)

Building a Model to Evaluate the Liquid Rate
and Changes in Water Cut Using the MS Excel
“Data Evaluation” Package

The first stage included model building to determine the
liquid rate increment after additional perforation jobs. The
regression coefficients, the constant error values, the
Student’s t-distribution, and the P-values are presented
in Table 1. The formula used to determine the liquid rate
increment Yq, obtained after performed activities has the
following view in the linear regression model:
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2019 Mopsaabl Ha HedpTEra3oBoM LenbMe

3aKasynkamu 060pya0BaHNs BbICTYNaloT “Taanpom HedhTh”, “PocHeddts”, “NIYKOWIT”, “Taschnot” u apyrue
KpynHble KOMNaHun. B ycnoBusix BBEAEHUS SKOHOMUYECKMX CaHKLMI He06X0AMMO GbICTPO 0CBOUTHL
NPON3BO/CTBO XKN3HEHHO BAXKHOT0 060PYA0BaHNS, B NepBYI0 04epefib 3anacHbIX YacTen

TEK-RRU BbifiBNIEHME NPEANPUATH, CNOCOGHBIX PaGOTaTh AN LWeMbha N0 UTOraM eXXErofHOro onpoca HedhTeraoBbIx KOMMAHMi
TEK-ALLRU Basa 060pysoBaHus Ans HedbTerasosoro wenbda
TEK-MAP.RU HacTexHas HedpTerazosas kapra

20 ®espanas | UHBECTIHEPIO

2020 AHBECTULINOHHBIE MPOEKTHI B 3/1EKTPO3HEPreTIKe

0630p MHBECTULMOHHBIX MPOEKTOB U MOAEPHU3ALMA POCCUIICKON 3NEKTPOSHEPTETUKM, BOMPOCHI
MatepuanbHO-TEXHNYECKOro 06eCneYeHns B 0TPACIM, NPaKTUKa 3aKYNOYHOW JEATENIbHOCTI B KPYMHEALINX
POCCUIACKNX KOMMAaHUAX

TEK-RRU HarpaxgeHue ny4Lmx nocTasLLMKoB 060PYA0BAHNA U YCIYT B ANIEKTPOIHEPTeTUKe
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17 Mapra HE®TETA3CHAD

2020 CHabxeHue B HedhTera3oBoM KOMMNeKce

KoHdhepeHuns cobupaet pykoBOAUTENeii CyX6 MaTepuanbHO-TEXHUYECKOr0 06ecneqeHns HedhTerazoBbix
Komnanuit. 06CyXaaeTcs opraHu3aums 3akynoYHoi AeATeNbHOCTI, NPAKTUKA NMNOPTO3aMELLEHNs, onara 1
NpyemMKa nocTaBeHHON NPoAyKLMK, MHOPMaLMOHHOE 06eCneYeHIe pbiHKa

TEK-RRU Hana)K‘ZlEHHE Ny4qWwux npoussoauTenen HedJTEFZlBOBDFD uﬁopyuoeawﬂ Nno uToram exxeroAHoro onpoca HECbTEFaBDBb\X KOMNaHWit

TEK-ALLRU Basa nocTaBLUMKOB HedpTEra30BOr0 KOMNeKca

TEK-MAP.RU HacTeHHas HedbTerasosas kapta
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2020 CTpouTeNnbCTBO B HE(DTEra30BOM KOMMIEKCe

DopMMpPOBaHME LNBMIM30BAHHOMO PbIHKA B HEDTEra30BOM CTPOUTENbCTBE, NPAKTUKA BbIGOPA CTPOUTENbHbIX
noapsAYMKOB, CO3faHIe poccuiickux EPC-chupm, yBenu4eHue 10n poceuitckux KoMnaHui Ha
HedpTera30CTPONTENLHOM PbIHKE, PACLIEHKN M NOPSAO0K OMAaThl NPOBOAUMBIX PaboT

TEK-RRU HarpaxpeHue ny4Lmx cTpOUTENbHbIX NOAPAA1MKOB NO UTOraM eXeroaHoro 0npoca HepTera3osblx KOMNaHi
TEK-ALLRU basa nocTasLLKoB HepTEra30CTPONTENbHBIX KOMAAHNIA
TEK-MAP.RU HacteHHas HedhTerazosas kapta

1(QCentaopa  HE®TETA3OMEPEPABOTKA

MoziepH13aLns Npon3BOACTB ANA NepepadoTKu HedTI 1 rasa

Bonpockl MmofepHu3aunn HedtenepepadatbiBatoLLnX U HETEXMMIUYECKIX MOLLHOCTEN, Npo6iembl
B3aMMOJECTBISA C NULEH3Napamu, NPaKTKa NMNOPTO3aMeLLeHNsl, COBPEMEHHbIE MOAENN YNpaBneHNs
MHBECTULMOHHbLIMI NPOEKTaMK, CTaHAAPTbI 1 Tpe60BaHMs 6e30MacHOCTH

TEK-RRU HarpaxpeHue ny4Lwx npousBoauTenei ANA MO, HedhTera ThIBAIOLLMX THiA
110 UTOraM eXErofHOro 0npoca HedTerasosbIX KOMNaHui

TEK-ALLRU basa noapsa4nkos ans moAepHuaaumn HM3

TEK-MAP.RU HacTeHHas HedpTerasosas kapTa

29 OkTAa6ps HE®TEFA3CEPBUC

2020 Hedrerasosbiii cepsuc B Poccum

TpafuunoHHas nnowanka ans BCTpey pyKoBOAMUTeNen reotnanyeckinx, 6ypoBbix NpeanpusTui,
a TaKXKe KOMMaHNA, 3aHSTbIX PEMOHTOM CKBaXWH. [oapsia4ukm B HehopManbHoil 06CTaHOBKE 06CYXAat0T
aKTyanbHble BOMPOChI CO CBOMMM 3aKa3unkami — HecpTerasoBbIMi KOMNAHUAMMN

TEK-RRU HarpaxaeHue nydLumx He(hTeCepBUCHBIX KOMNaHWI MO UTOram eXeroAHOT0 0Mpoca HehTerasoBbIX KOMNaHMit
TEK-ALLRU basa nocTasLLMKOB HepTECEPBUCHBIX KOMNAHNIA
TEK-MAP.RU HacTeHHas HedbTerazosas kapra
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B PA3SPABOTKA MECTOPOXOEHA

KO3 PuULMEHTBI perpeccumn Ki ong Hamnyyulero
npencTaBneHns Aebuta XXMaKoCTV N 0OBOAHEHHOCTU
nocne NpoBeneHus noctpena [1-3]

r=3 XK+b. (1)
j=l

MocTpoeHue mogenen oist OLLEHKU
npupocTta gebuta XXNOKOCTU N NSMEHEHUS
06BOOHEHHOCTM C NMPUMEHEHMEM MNakeTa
«AHann3 OaHHbix» B MS Excel

Ha nepBoM aTane cTpounack Mogesb O npupocTa
YKUAKOCTU Nocne [ocTpenoB. KoahduumeHTbl
perpeccum, 3Ha4eHnsa CTaHOAPTHBIX OLLMOOK, KpUTEpKs
CtbtogeHTa t, P-3HadeHns npeacTaBnerbl B Tab. 1.
dopmyna Ana onpefeneHns NpMpocTa Aebura XXMaKoCTu
Yg nocne NpoBeaeHNst MEPOMNPUSTUS B MOAENN JINHENHON
PEerpeccun UMEET CRedyroLni BUL;

Yg =-0,1965X1 + 0,0936X2 + 0,1861X3 + 0,0013X4 -
5,5673. (1)

ConocTaBneHve pacyeTHOro gebura XXngKocTu

C (hakTn4ecKM Nocne OOCTpesa nokasbiBaeT
BbICOKYHO CXOAMMOCTb MOJSyYeHHbIX pe3ybTaTos,
KoathpuLmeHT getepmuHaummn R2 = 0,712 (pvic. 1). Mo
HebTeHaCbILLEHHOM TOMLWWMHE U aenpeccun P3HayeHne
cocTasnigeT 6onee 0,05, 4TO cornacHo npaewiam

Mokasatenu
Data values

KoadhduumeHnTbl

perpeccun
Regression constants

Yqg = -0,1965X1 + 0,0936X2 + 0,1861X3 + 0,0013X4 -
5,6673. (1)

The correlation of the estimated and actual liquid

rate value, obtained after additional perforation jobs
demonstrates the high precision of the data, the
coefficient of determination R2 being 0.1712 (Fig.1).

The P-value on the oil net pay and drawdown amounts
to over 0.05, which, according to the rules of descriptive
statistics, points to low impact of the factor on the
resultant value or just means no effect. The results can
be explained in the following way. First, there appears

to be some uncertainty while selecting the version for
interpretation of geological data. For instance, according
to the actual version of the “Reinterpretation_2001”,

the reservoir with oil net pay of 1.5m was selected,
while the relevant parameter according to the version

of the “CSRM-Neft_2011” amounts to 12.1m. In this
connection, the results of the stream gauging agree with
the second version of the interpretation. Secondly, the
formation pressure values are taken off from the isobar
map, the maps, in this regard, are prepared with the
periodicity of once per quarter, based on a certain set of
values obtained directly from wells, while the remaining
part of the values can be obtained through calculations.
The bottom-hole pressure is generally calculated through
dynamic level which in many cases also downgrades
the quality of initial data. Hereafter, a model was built

to determine the water cut after performed additional

Kputepun
CrblopgeHTa t
Student’s t-
distribution

CraHgapTHas
olmbka
Constant error

P-3HayeHne
P-value

Yonepeoeuene Const b | -55673 1,630 -3,417 0,001
X, e oouieHan | K| -0,1965 0,151 1,301 0,195
X, MpoHnuaemocTb / Permeability K, -0,0936 0,012 7,606 0,03
X MakcrmanbHbI 4eGUT NO OKPY>XKaAIOLLWM K -0.1861 0.014 12.843 0.0000057
3 ckBavkuHam / Max. flow rate from offset wells 3 ’ ’ ’ ’
X, Oenpeccus / Drawdown K, -0,0013 0,014 0,096 0,924

Tabnuua 1 - Table 1

Kputepumn
Mokazarenun Kosg)d)g(l;l,gleHTbl CTZH'D'ag T:aﬂ CrbtopeHTa t P-3HaueHne
Data values perpeccim HHVDK Student’s t- P-value
Regression constants Constant error distribution
Y-nepeceyeHve 9
Voorosseut Const b | 19,0754 3,083 6,188 4,310
TpyoHou3BnekaeMble 3anachl / HavanbHas ’
Xl HedTeHacbILeHHocTb / Hard-to-recover Kl -0,1293 0,059 -2,176 3,1-10 2
reserves / initial oil saturation
X, Mpupoct aeuTa xuakocT K, 0,4107 0,088 4,685 5,7-10°¢
Liquid rate increment
O6BOAHEHHOCTb A0 JAOoCTpena »
XS Water cut before perforation of additional intervals K3 0,7088 0,037 19,260 6,810

Tabnuua 2 - Table 2
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Puc.1: ConocTtaBneHme paccumTaHHbIX 1 (aKTUYECKMX 3HAYEH NI
npupocTa Aebuta XXMOKOCTW MNOCe NPOBEAEHVS AOCTPeNna

Fig.1: Comparison of the estimated and actual values of liquid rate
increment after perforation of additional intervals

OonuncaTesNIbHOW CTaTUCTUKK O3HaYaeT cnaboe BnsHne
hakTopa Ha pe3yNbTUPYKLMIA NapamMeTp UM OTCYTCTBUE
BIVAHNS. [onlydeHHble pe3dynbTaTbl MOXXHO OOBACHUTL
cnepywoLmm obpas3oM. Bo-nepBbix, BOSHUKaET
HeonpeaeneHHOCTb B BbIBOPE BEPCUM MHTEPNPETALIN
reonIoroHnanNYECKNX NapamMeTpoB. Hanpumep, B CKB.
2598 no akTyanbHom Bepcum «[epenHtepnpeTtaums_2011
rof» BblOENEH KONEKTOP C HE(DTEHACHILLEHHOWM
TONLMHOWM, pasHon 1,5 M, a no Bepcum «O00_
LCPMHedTb_2011 rog» COOTBETCTBYHOLLIMM NapameTp
cocTaBngeT 12,1 M, Npu 3TOM Pe3yJSibTaTbl MOTOKOMETPUN
COrNacyrTCs CO BTOPOW BEPCUEN MHTEPNPETaLN.
Bo-BTOpbIX, N1aCTOBOE AaBNEHNE CHUMAETCS C KapTbl
1306ap, NPV 3TOM KapTbl CTPOATCS C NEPUOANYHOCTLIO
OAVH pa3 B KBaPTa/T MO HEKOTOPOMY H/CITY 3HAYEHNI,
MOJTYHYEHHbBIX HEMOCPEACTBEHHO B CKBEXKMHAX, OCTasbHas
4acTb 3HAYEHUI PACCHNTLIBAETCS.

3aborHoe JaBnenHve B OOMbLUMHCTBE Cllyvaes
NepecHNTLIBAETCS HYepes OMHaMNYECKUIA YPOBEHb, YTO
TaKXKe CHKAET Ka4eCTBO MCXOOHOW MHDOPMaLAK.
Lanee npoBoannocb NOCTPOEHME MOAENM ANS
onpepenenHns 06BOOHEHHOCTY MOC/IE MPOBEAEHVISA
[ocTpenoB. KospMULIMEHTLI perpeccum, 3Ha4eHNs
CTaHOapTHbIX OLIMBOK, Kputepus CThiodeHTa t,
P-3HaveHna npenctaBneHsl B Tab. 2. Gopmyna osis
onpegenenrs 06BoaHeHHOCTM Y mocne nposeneHns
MEepONpPUATUS B MOAENN JIMHENHOW PErPECCN BbIFNSONT
cregyroLmM 06pasom:

Yf=-0,1293X1 + 0,4107X2 + 0,7088X3 + 19,0754. (2)
ConocTaBneHme pac4eTHOM 1 (PaKTUHECKON
0BBOAHEHHOCT MOC/E NPOBEAEHNS JocTpena

NMOKa3bIBAET BbICOKYKD CXOOMMOCTb MOJTyHEHHbIX
pesyneTatos, R2 = 0,8185 (puc. 2).
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perforation jobs. The coefficients of regress, the

constant error values, the Student’s t-distribution, and
the P-values are presented in Table 2. The formula
determining the water cut Yf after the performed activities
looks, in the linear regression model, as follows:

Yf=-0,1293X1 + 0,4107X2 + 0,7088X3 + 19,0754. (2)

Correlation of the estimate and actual water cut values,
after the additional perforation jobs were performed,
demonstrates high precision of data, R2 being 0.8185
(Fig.2).
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°
)

PacuntaHHast 06BOAHEHHOCTb, %
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PakTnyeckast 06BoaHEHHOCTb, % - Actual water cut, %
Punc.2: ConocTaBnenme paccHnTaHHbIX 1 PaKTHECKIX 3HAYEHI
0BBOAHEHHOCTI MOCE MPOBEAEHUSA [OCTPEa

Fig.2: Correlation of the estimated and actual values of water cut
after perforation of additional intervals

Data Mining is a catch all term used when using
complex of methods to discover previously unknown
interpretations that decision making.[4]. Data Mining is
used in such disciplines as statistics, the information
theory and machine learning. Therefore, the major

part of its algorithms was elaborated on the basis of
different methods from those disciplines. As a concept,
Data Mining comprises: the theory of databases, image
identification, descriptive statistics, machine learning,
visualization, algorithms and artificial intelligence. In
this regard, you can use a variety of software products
to implement your Data Mining objectives, such as
R-Studio, Microsoft Azure MLS, Orange and many
others.

Model Building with the Use of the Microsoft
Azure MLS Software

The presented work considers two methods: the linear
regression method and the method of regression of the
neural network implemented in the Microsoft Azure MLS
software (Fig.3). This software is sufficiently easy to use,
free to download and install, and has the imbedded
modules where various algorithms are embodied. That

www.rogtecmagazine.com
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Puc.3: MocTtpoenne Mopenm nuHenHom perpeccnn B MS Azure MLS
Fig.3: Build-up of the MS Azure MLS linear regression model

Data Mining — cobupatenbHoe Ha3BaHue, UCMOIb3yeMOE
015 0603HaYeHMs COBOKYMHOCTU METOLOB
oBHapy>XeHVs paHee HEN3BECTHbIX, HETPUBMASBHbIX,
NPaKTUYECKN NOME3HbIX 1N AOCTYMHbIX UHTEPRpeTaLmm
3HaHUM, HEOBXOAMMBIX O MPUHATUS PELLEHNIA B
pasnYHbIX cdhepax HYeoBeHECKOW AeaTensHoCTH [4].
Data Mining passuBanachk Ha CTbike TakUX OUCLUUMIIVH,
Kak CTaTUCTUKa, Teopus MHdopMaLmm, MallnHHOE
0by4yeHne, No3ToMy B6O/bLUNHCTBO airOPUTMOB ObINO
pa3paboTaHo Ha OCHOBE Pa3/INYHbIX METOLOB U3

aTux gucumnamH. Data Mining BktoyaeT: Teoputo 6a3
OaHHbIX, pacno3HaBaHne 06pas3oB, onNMcaTeNbHYO
CTaTUCTUKY, MaLLMHHOE 0ByYeH e, BU3yaM3aumio,
ANrOPUTMU3ALMIO, NCKYCCTBEHHBIA NHTEIEKT. [1py 3TOM
CYLLEECTBYET MHOXXECTBO MPOrpamMm A1 peanmsaumm
3apad Data Mining, Takne kak R-Studio, Microsoft Azure
MLS, Orange v op.

MNMocTpoeHue mopesien ¢ NPUMEHEHNEM
nporpammHoro npoaykra Microsoft Azure MLS

B npencraBneHHom paboTe paccMOTPEHBI ABa MeToaa:
METO[, IMHENHOW PErPECCUM U METOL, PEMPECCUM
HEMPOHHOM CETU, PeanM30BaHHbIe B MPOrpaMMHOM
npoaykTe Microsoft Azure MLS (puvic. 3). JaHHbIR

COOT OOCTATOYHO MPOCT B MOHMMAaHWUM, BeCcnnaTHbIn,
NMeEeT BCTPOEHHbIE MOAY/N, B KOTOPbIX peaM3oBaHbl
pas3nnYHble anropyTMbl, MPY 3TOM CoboaaeTcs
KOH(UAEHUMANBHOCTD 3arpy»aeMblX AaHHbIX B CBA3M
C Ux 06e3nmn4eHHoCTLI0. Co3aaHre aKcnepriMeHTa B
CTyOMM MaLLMHHOIO 0BYyYeHNst BKItoYaeT cneaytoLlme
Laru: — nepegada Habopa gaHHbIX B Buae CSV-danna
(TabnnyHble gaHHbIe B TEKCTOBOM hopmaTe) B CTyOMO
MaLLNHHOIO OBYYeHMsl; — CO3OaHNE SKCMepUMEHTa 1
ncnonb3osaHve moayns Select Columns in Dataset
(BbIBOP CTONBLOB B HABOPE AaHHbIX) AN BbiOOpa TEX XKe
NPW3HAKOB JaHHbIX, YTO UcnoNb3ytoTesd B MS Excel;

www.rogtecmagazine.com
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Fig.4: Build-up of the MS Azure MLS “Regression of the neural
network” model

said, confidentiality and protection of the uploaded
data is also preserved. Creating an experiment in Azure
Machine Learning Studio comprises the following steps:
the transmission of a data set in the format of CSV-

file (tabular data in the format of text) to the Machine
Learning Studio;

e Creating an experiment and using the Module “Select
Columns in Dataset” (selection of columns in the data
set) to select the same data features as they are used in
MS Excel;

e Using the “Split Data” Module in the mode of relative
expression to split data into the same datasets for
learning as they are applied in MS Excel. When using
the “Linear regression” Module in Azur Machine
Learning Studio, there are two methods available to
apply: The Gradient Descent method in the online
mode (used for large-scale problems), the method of
Least Squares (the mostly spread method of the linear
regression). This would be an optimal selection for a
small data amount. Table 3 displays correlation of the
coefficients obtained in the models of MS Excel and MS
Azure MLS for estimation of the liquid rate increment. It
is obvious that the obtained models have similar data
values.

After that, the method of Data Mining was considered

in the research work, and namely, the “Regression of
the Neural Network” (Fig. 4). The algorithm of the neural
network (Microsoft) is useful for the evaluation of large
datasets. The algorithm of the neural network in the
SQL Server Analysis Services (Microsoft) combines
every possible state of the initial data value with every
probable state of the predicted data value, applying it to
calculate the probabilities.
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® 1CMosb30BaHne moayng Split
Data (pasgeneHve gaHHbIX)
B PEXMME OTHOCUTESIBHOIO

KoadduumeHTtsl mogenn
Coefficients of the model equation

Mokazarenn

Data values
MS Excel

| MS Azure MLS

BblpaXXeHna a4 pasgeieHns Y-nepeceueHve

OaHHbIX HA TOYHO TakKne Y-crosscut Const -5,5673 56703
e Habopbl JaHHbIX 419 ¥ AddexTrBHasA HedTeHackILLeHHas 201965 01965
0by4yeHus, kak B MS Excel. 1 TonwwuHa / Oil net pay d ’
[Npn ncnonb3oBaHUM MOAYIA X, MpoHunuaemMocTs / Permeability 0,0936 0,0936
«JInHenHas perpeccna» B X MakcyManbHbil AE6UT MO OKPY>KAIOLLM 0.1861 0.1861
CTYann MallmHHOro o6yqu|/|ﬂ 3 ckBaxuHam / Max. flow rate from offset wells ’ ’
OOCTyMHbl ABa MeToaa: X4 Denpeccus / Drawdown 0,0013 0,0013

METOA MPaANEHTHOIO
CMnycCKa B pexXx1Me OH1amH
(ons KpynHoMacLUTabHbIX
npobnem); METOL HAUMEHbBLLUVIX KBaapaToB (Hanbonee
pPacnpOCTPaHEHHbIN METOL, JIMHEMHOW PErpeccum).
370 onTnMasbHbIN BbIBOP A5 HEDOIbLLIOrO 06bemMa
OaHHbIX. B Tabs1. 3 npeacTaBneHo cpaBHeEHNE

KOS PULMEHTOB, NOMydeHHbIX B Mogensax MS Excel
n MS Azure MLS gnsa pacyeTa npupocTa gebuta
XXUOKOCTU. B1OHO, 4TO Nony4eHHble MOOEV MEIOT
CXOXKMe nokasaTenu.

Tabnuua 3 - Table 3

Hanee B pabote 6b1n paccmoTpeH meTof Data
Mining — «Perpeccust HempoHHOM ceTun» (puc. 4).
Anroputm HenpoHHo ceTn (Microsoft) noneseH npwu
aHannae 6onbloro o6bema aaHHbIX. B cny»xbax
SQL Server Analysis Services anroputm HENPOHHOM
ceTn (Microsoft) coueTaeT kKakgoe BO3MOXKHOE
COCTOSIHME BXOAHOIO NOKasaTens ¢ KaxapiM
BO3MOXXHbIM COCTOSIHMEM MPOrHO3UPYEMOIO
nokasartesnst U UCnonb3yeT obyyaroline aaHHble AN
BbIYVCIEHUS BEPOSTHOCTEWN.

Lanee a1 BepOSATHOCTU MOXXHO MPUMEHATH

0151 MPOrHO3MPOBAHNS paccMaTpPrBaeMOro
napameTpa Ha OCHOBE BXOAHbIX AaHHbIX. B Mmogenn
VHTENNeKTya/lbHOrO aHanMsa gaHHbIX, KOTopas
CO30aeTCs NPY NOMOLLM anropuTMa HEMPOHHOM
cetn Microsoft, MOXET cofep>kaTbCH HECKOJIbKO
ceTen. VIx uncno onpenensieTcs Ycnom cTonobuos,
MCNoNb3yeMblx OS5 BXxoda. ANroputM cosgaeT
CETb, COCTOSLLYIO VU3 ABYX WU TPEX CIOEB
HEMPOHOB. K TakKMM CAOSMY OTHOCHATCS BXOAHOW,
HeobA3aTeNbHbIN CKPbIThIA 1 BbIXOOHOW CIOW.
Mopaenb HENPOHHOW CETY O0J/KHA COAEPKaTb
Ko4eBow ctonbel, oguH UM HECKONBKO BXOAHbIX U
MPOrHO3MPYEMbIX CTONDLIOB.

Ha puc. 5 npuBeneHbl pe3ynbTaThl pacyeTa
npupocTa aebuta XXUAKOCTN 1 USMEHEHWS
06BOAHEHHOCTHN, C MOMOLLLIO MOAENEN,
MOCTPOEHHbIX B MS Azure MLS meTogom «Perpeccus
HEMPOHHOM ceTu». V3 puc. 1, 2 n 5 BuOHo, 4to
Momesnb, NocTpoeHHas B MS Azure MLS meTtooom
«Perpeccust HEMPOHHOW CeTU», XapaKTepnayeTcs
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Further, these probabilities can be applied to predict

a considered parameter, based on the input data.

The model of data mining, created with the use of the
Microsoft neural network algorithm, can contain several
networks. Their number is determined with the number
of columns used for data input. The algorithm creates
a network consisting of two or three layers of neurons.
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Fig.5: Simulation results of the MS Azure “Regression of the neural
network” model
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HECKOBbKO JyYLLIEV CXOANMOCTBIO C (haKTNYECKNMM
nokasaTesigiMu,

3akJiroueHue

Brenperve Big Data TexHon0rni B NpoLece
paspaboTKN MECTOPOXXOEHUI ABMSIETCA HEOCMOPUMO
NepCneKTMBHbIM HanpaBeHVEM. BbinoaHeHHas
paboTa yKasblBaeT Ha BOSMOXXHOCTb MPUMEHEHNSA
MeTogos Data Mining oss aHamaa CxXogHbIX

OaHHbIX N0 haKTUYeCKN NPOBeAeHHbIM onepaLmsam
[OCTPENOB, a TaKXKe A5 NPOorHo3a ahMeEKTUBHOCTA
nnaHMpyemblx. PerpeccnonHble Mogenn, NoyyYyeHHble B
peayfibTaTe BbINOMHEHUST PaboThl, IENKO peannaytoTcs
N MOKa3blBaKT JOCTATOYHO BbICOKME KOIPMDULIMEHTDI
neTepMunHauumu. Noaxon, NCNOb3YyEMbIN B

paboTe, MOXET ObITb PACMPOCTPAaHEH Ha Opyrve
3KCM/lyaTauyoHHbIe O6BEKTbI I MECTOPOXKAEHWS, a
Takxke Ha gpyrue suapl ['TM.
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The layers refer to the input data layer, optional hidden
data layer, and the output data layer. The model of the
neural network must contain a key column, one

or several input data columns and the predicted data
value columns.

Fig.5 presents the calculation data of the liquid rate
increment and changes in water cut, obtained with

the use of the models built in MS Azure MLS by the
“Regression of the neural network” method. Comparing
Figures 1, 2 and 5, we can see that the model built in MS
Azure MLS, using the “Regression of the neural network”
method, is characterized with somewhat better precision
in relation to the actual data values.

Conclusion

The introduction of “Big Data” technologies into the

oil and gas field development process, from our
perspective, has been a success. The presented
research work points at the possibility of using the
Data Mining methods to evaluate the initial data based
on previously conducted perforation jobs, as well as
for predicting the efficiency of scheduled jobs. The
regression models obtained as a result of this work can
be easily implemented and demonstrate sufficiently high
coefficients of determination. The approach applied in
this work can be employed at other production facilities
and fields, as well as in other well stock activities.
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