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JAJIS IOJIyYeHM s AONOJIHUTE/IbHOU J00bIYY HepTH IyTEM aHA/IM3A
peKumMa paéoThbl CKBAXKMH
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AHHOTanMsA. AKmyasbHOCMb WCCIeA0BaHUS 06YC/IOBJIEHA TEKYIled CUTyalueH, Koraa Bce GoJibliee KOJIMYECTBO HEAPO-
H0JIb30BaTeJIeH JBHXKETCS 110 IyTH KOPPEKTHOI'O BBIGOPA CUCTEMBI pa3paboTKH, C/1e/J0BaTeJbHO, IPUMEHUMOCTb UHTErP U-
pPOBaHHBIX MOJiesIell aKTHBA 9KCMOHEHIIHAIbHO PACTET € KaXKAbIM rojoM. OHUM U3 KOMILJIEKCHBIX OJX0/I0B B 06JIaCTH MO-
JleJIMPOBaHHUsI CUCTEMBI IJIACT - CKBXKMHA — HazeMHast HHOPACTPYKTypa sIBJIAETCSA UCI0/Ib30BaHHE IPOrpaMMHOro obecre-
yeHus Petroleum Experts. /laHHOe pelleHHe yCIEIHO 3apEKOMEH/I0Ba/I0 ce6sl Ha MeX/YHapOoJHOM PbIHKEe BBUAY HaIMYUs
60JIBLIIOT0 KOJINYECTBA BCEBO3MOXKHBIX KOPPesALUH, MOAXOJALIMX M0/ Te WIM HHble Ie0JIOTUYeCKHe yCJIOBHsS, a TaKxkKe
BCJIe/ICTBHE CJI0XKHOM MeTOJMKHU pacyeTa MOCTaBJEHHbIX 3a/lay. byarofaps BbllleONMCaHHOMY NMPOAYKTY 3a/aud pacyeTa
NPUTOKA U3 IIJIACTA, AeOUTA CKBOKUH M aHAJIM3a NMPONYCKHON CIOCOOHOCTH MHPPACTPYKTYPhbl 06pa3oBau cO60i efuHOe
WHTErPUPOBAHHOE pELIeHHUE ISl KaYeCTBEHHOI'O MO/I€JIMPOBAHUS MECTOPOXKEHUI /TPyl MECTOPOXKAEHHH. B cBOIO 04e-
penb mporpaMMHoe o6ecnedeHue Petroleum Experts Prosper mosBosisieT oneHUTb 3pPEKTUBHOCTb paboThl CKBAXKUHBI, a
TaK)Xe MOJIyYUTD JIONIOJTHUTEIbHYIO J00bIYY 32 CYET ONTHUMHU3ALMOHHOTO pacyeTa Ha MOJIE/IM CKBaXKUHbI, HACTPOEHHOH Ha
dakTHyeckue napameTpsl. Jesb: popMUpoBaHUEe U aHAIU3 NOAX0/A K HACTPOMKe MOJe/1ed-KOMIIOHEHT (CKBaXXMH) MyTeM
ajlanTalMy NapaMeTpoB K (AaKTUYECKUM JAHHBIM C LeJbI0 MOJy4eHHUs JONOJHUTEJNbHOH J06blYM HepTH. Memodwl:
HaCTpoHKa M aJlanTalus MoJiesiel CKBaXXKHH, 000Py0BaHHbIX YCTAHOBKAMH 3JIEKTPOLEHTPOOEKHBIX HACOCOB, HACTPOMKA U
ajjanTanus GOHTAHHBIX CKBAXXKUH, OJX0J K paboTe ¢ nepuoandeckuM GpoHA0M, olleHKa 3PEeKTUBHOCTH UCIOJIb30BaHUSA
Prosper B 4acTH JIONOJIHUTENbHOH 00b1YM HedTH. Pe3ysbmamul. TlosydeHHble pe3ysbTaThl MO3BOJSIOT aJallTUPOBATh
MO/IeJIM CKBaXKHH C TOYHOCTBIO 6oJiee 95 %, 4TO moMoraeT CUMYyJIMPOBAaTh PeXUM PaboTbl MEXaHU3UPOBAHHOIO U GOHTaH-
HOro J06bIBaroLiero GoH/A C Le/IbI0 ONTUMHU3ALMY U yBeJUYeHUs Jo6bIuMd HedTH. B pe3ysibTaTe aHaM3a GblJIM BbISIBJIEHbI
KPUTEPHUH HACTPOWKH CKBAXKHH, a TaKXe NpeJCTaBJeH MUHUMa/IbHbIH HEO06XO0AUMBIN Habop mapaMeTpoB /IS KaueCTBEH-
HOHW azanTtanuu mozesned. Takxke Joka3aHa 3¢ PEeKTUBHOCTb U TOYHOCTh MeTOJa MOCPEACTBOM CpaBHEHHUs PpaKTUYeCKHUX
JIAaHHBIX O PEXMMaX paboThl CKBOKMH C CUHTEeTHYeCKMMU. Ha ocHOBaHMHU Npojie/laHHON paGoThl MOXKHO cZielaTh BbIBOJ, O
TOM, YTO MCIIOJIb30BaHHE MHTEIPUPOBAHHOM MOJesy JeMOHCTPUPYEeT HaM BBICOKOE CXOX/EHHEe C pealbHbIMHU JAHHBIMHY,
YTO I03BOJISIET C JOCTATOYHONH TOYHOCTBIO IPOBOJUTh ONTHMHU3AILMOHHbIE PacyeThl C OJy4YeHHeM pe3yJbTaTa, 0becrneyu-
BalOIero Hau6oAbIUN 3P PeEKT.

KnrwoueBbie ciioBa: Petroleum Experts Prosper, PETEX, uHTerpupoBaHHasi Mo/ieJib, MOJIe/Ib CKBAXKHHBI, aJJallTAl[Us] CKBAXKUH

BsiarogapHocTH: ABTOPHI BBIPQXKAKOT 6J1aroJapHOCTh L|eHTpY KOJIJIEKTUBHOTO MOJIb30BaHUs TOMCKOTO MOJIUTEXHUYECKOTO
yHUBepcUuTeTa « PU3UKO-XUMHUYECKHe MeTO/bl aHAIU3a».
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Abstract. Relevance. Current situation, when an increasing number of subsoil users are moving towards the correct choice of
a development system. Therefore, the applicability of integrated asset models is growing exponentially every year. One of the
integrated approaches in the field of reservoir-well-ground infrastructure modeling is the use of Petroleum Experts
software. This solution has successfully established itself in the international market due to the presence of a large number of
various correlations suitable for certain geological conditions, as well as a complex methodology for calculating the tasks.
Thanks to the above product, the tasks of calculating the inflow from a reservoir, well flow rate and infrastructure throughput
analysis formed a single integrated solution for high-quality modeling of fields/groups of fields. In its turn, the Petroleum
Experts Prosper software allows you to evaluate the efficiency of a well, as well as to obtain additional production through
optimization calculations on a well model tuned to actual parameters. Aim. To form and analyze the approach to setting up
component models (wells) by adapting parameters to actual data in order to obtain additional oil production. Methods.
Setting up and adaptation of well models equipped with installations of electrical center pumps, setting up and adaptation of
fountain wells, approach to working with a periodical fund, assessment of the effectiveness of the use of Prosper in terms of
additional oil production. Results. The results obtained allow us to adapt well models with an accuracy of more than 95%,
which simulates the operating mode of the mechanized and fountain mining fund in order to optimize and increase oil
production. As a result of the analysis, the criteria for tuning wells were identified, and the minimum necessary set of
parameters for high-quality adaptation of models was presented. The effectiveness and accuracy of the method by comparing
the actual data on the regimes of the wells with synthetic are also proved. Based on the work done, we can conclude that the
use of an integrated model shows us a high convergence with real data, which allows you to conduct optimization
calculations with high accuracy with obtaining a result that provides the greatest effect.

Keywords: Petroleum Experts Prosper, PETEX, integrated model, well model, well adaptation
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BBepeHue HcnonezoBanue Petroleum Experts Prosper mo3sossier
Ha Texkymmii MOMeHT HedTera3omoOBIBaIONINE  CYIIECTBEHHO COKPATHThH BPEMs Ha ITPOBEIAECHHE pacue-

KOMIIAaHWH HA4YaJld AKTMBHOC HCIOJIB30BAHHE CHCTEM  TOB MPOU3BOJUTEIHHOCTH Pa0OThI CKBKHMH M aHAITU3a

MOJICTTUPOBAHUS 11 KOHTPOJIS pexkrMa paboThl POHIA  BO3MOXKHBIX OIPaHMYEHHH M0 HA3eMHON MH(PPACTPYK-

CKB&KUH, a TAK)KE C LENBIO IIPOBEACHUSA ONTUMH3ALK-  Type, a TAK)KE MOBBIIIAET TOYHOCTh U HAJCKHOCTH I10-

OHHBIX PAacyeToB Ui IOJIYYEHHs MHOIOIHMTEIBHOM  Jy4eHHBIX pe3yibTaToB. Takoil MOAXOM TO3BOJSIET

JIo0bIun HeTH. 3¢ PEKTHBHO KCILTyaTHPOBATH MECTOPOXKICHUS U JI0-
IIporpammuoe obGecneuenne Petroleum Experts  crurath onTHMabHBIX IMOKa3aTeseil B J0ObIYE YIIEBO-

Prosper siBisieTcsl YHUKQJIBHBIM pelieHneM it Hedre-  noposos [2].

ra30BOr0 KOMILIEKCAa BBUAY OOECHEUCHHS I[EIOCTHOTO

MIPEJICTABIICHUS] CHCTEMBI IUIACT — CKBOXKHMHA — HazeM-  MeToAbl

Has uHOpacTpykTypa [1]. braromaps wHTerpanuu u Hactpoiika Mopeneil m0OBIBAIONIMX CKBaKWH 3a-

MHUPOKOMY (YHKIIMOHAITY TPOTpaMMbl CIEHHATUCTBl  KJIIYAeTCsd B aJalTallid I1apaMETPOB, IOJYYCHHBIX

He(Tera3oBOM OTpacid MOTYT MPOBOAUTH KOMIUICKC-  PACUYETHBIM ITyTeM B TPOTPAMMHOM OOECHeYeHUH

HBIE MCCIICIOBAHMUs, MOICIUPOBATEL pa3iuunbie ciieHa-  Petroleum Experts Prosper, k (akTuueckuM JaHHBIM

puH paboThl MECTOPOKIACHUS W NMPUHUMATh OOOCHO-  HA JIaTy aKTyaau3alluu.

BaHHBIC pEIICHUS Ha OCHOBE IOJYYEHHBIX IaHHBIX.
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Ecim roBoputh 0 CKBaXHHaX, 00OPYIOBaHHBIX
YCTaHOBKaMU AJIEKTPOLIEHTPOOEIKHBIX HacoCoB
(YOIIH), To ans KOppeKTHOW HACTPOMKM Mojesei 10-
OBIBAIONIMX CKBAKUH HEOOXOJWMO TIPOM3BECTH Clie-
JIYFOIIIUE JICHCTBUS B CEKIIMU MTPOTPaMMHOT0O MTPOAYKTa
Petroleum Experts Prosper:

1) BHecTH (hakTHYEeCcKHE JaHHbIE [0 3aMepaM Ha Jary
aKTyaTu3aIy MOACIH;

2) HACTPOUTH MOJIENb BEPTUKAIBLHOTO JIU(PTA;

3) HAcCTPOUTb UHAMKATOPHYIO KPUBYIO;

4) TmpoBEpUTH aJaNTalldl0 CKBOKWHBI B  CEKIUH
«System»;

5) creHepupoBaTh KPUBBIC BEPTHKAIHHOTO JTH(DTA;

6) TPOM3BECTH HACTPOWKY MHOTOIUIACTOBBIX CKBaKHH

(Ipu HEOOXOAMMOCTH).

B menio «VLP/IPR Matching» BHOCSATCS JaHHBIC,
KOTOPBIC HCIONBb3YIOTCS ISl JAIbHEHUIIINX PacueTOB.
[TapameTpbl HAKAIUIMBAIOTCS B OKHE 110 Mepe OOHOBIIE-
HUSL MOJIEJIeH CKBaKHH M MOTYT OBITh HMCIIOJIb30BAHBI
JUTSL aHaIH3a PabOThI CKBAXKHUH C TEUCHUEM BPEMEHH:

1) Test Point Date — pmata akTyanuzanuu MoOJelu
CKBa)KHHBI;

2) Test Point Comment — nHpOp™Manus 00 ycTbeBOM
mrynepe (IuaMerp IITylepa WM OTCYTCTBHE
LITyIepa);

3) Tubing Head Pressure — OydepHoe naBneHwue;

4) Tubing Head Temperature — Temnepatypa Qitou-
Jla Ha YCThE CKBAXKHHBL;

5) Water Cut — 0OBOIHEHHOCTh JIOOBIBAEMOM TIPO-
TYKITUH;

6) Liquid Rate — nebur >xuaxoctu. J{as TOCTOSHHO

paboTarOIINX CKBAXWUH 3aHOCHTCS (PAKTHUSCKUH
neout. J{is nepruoiMueckux CKBaKHH 3aHOCHUTCS
MTHOBEHHBIN JEOUT, OIpeIelieMbIil d4epe3 BpeMs
paboTHI/TIPOCTOS TIO CleAyroniel Gopmyie:

Qumra=Qymi/((1-Tnp/24)),

rie QMrH — MTHOBEHHBIHN JICOUT JKHUIKOCTH B Tiepecué-
Te Ha CyTKH; QYIUl — CpeIHECYTOUHBIN (YIUIOTHEHHBII)
neout xuakoct; Trup — BpeMs mpocTost (B Yacax) B
TEYCHHE CYTOK;
7)  Gauge Depth (Measured) — riryOuna cirycka aat-
YHKa;
Gauge Pressure — aBjieHre Ha JaTYUKE;
Reservoir Pressure — mmaacToBo€e TaBiIeHHE;
Gas Oil Ratio — razocoaepkanue;
GOR Free — conepkanue rasa, NpuxofsIIero u3
ra3oBOH IIAMKH,
Operating Frequency — gactora pa6otsr J1[H;
Pump Wear Factor — koadduriieHT n3noca Hacoca;
Pump Intake Pressure — naBneHue Ha mpuéme
Hacoca;
Pump Discharge Pressure — naBiieHue Ha BBIXOC
Hacoca.
JIst HaCTPOMKHM BEPTHKAIBHOTO JTU(TA MpeaHa3HA-
yen pasgen «Correlation Comparison» B CEKIIUU

8)
9)
10)
11)

12)
13)
14)

15)
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«VLP/IPR Matchingy». Cekmus «Quick Look» momaxo-
JIUT TOJBKO JUISI OJJHOCEKIIMOHHBIX HACOCOB.

Ha Bxmanke «Correlation Comparison» BBIITOTHS-
eTcs pacuéT M TOCTPOCHHE TPaIMEHTA NABICHUS U
TEMIIepaTyphsl B CKBKWHE JUTS JAaHHBIX HA ATy aKTya-
mu3anun. [y 9Toro BHOCSTCS JlaHHBIE O OydepHOM
JIaBJICHUH, IPOIIEHTe OOBOAHEHHOCTH, Ta30BOM (DaKTO-
pe u neburte KUAKOCTH. Takke HeMaloOBaXHBIM (hak-
TOPOM SIBJII€TCSI BHIOOP IMPABUIIBHON KOppENsUUN ISt
pacuera, KOTOpasi MOJOUPAETCS OIBITHBIM IIyTEM U
OOBIYHO SIBIISIETCS €QUHOM JUIS 3alIEKEH C aHAJIOTHY-
HBIMU (PU3UKO-XUMHUYECKIMU CBOMCTBAMH [3].

Ha rpaduke rpagmeHTa maBieHHs BH3YaJbHO OILle-
HUBAETCA, HACKOJIBKO pacYETHOE 3HAYCHUE HA NpUéMe
OIH cosmamaer ¢ QakrtudeckuM (puc. 1). I'omy6oii
TOYKOI Ha pHUCYyHKE OTMEYEHO (paKkTHIecKoe JaBJIeHHe
Ha npueme OIIH, nmomyuyeHHoe ¢ gaTuuka HMOTPY:KHOU
tenemerpun (TMC). Cunsist nuHHS JEMOHCTPUPYET
HaM pacmpeieieHue TaBJICHUS 10 CTBOIY CKBa)KHHBL

258563, 1890.35
19.9455, 1890.35

Gradient Traverse - Plot

Tempersture (deg C)
&

Measured Depth (m)

1820|

Fressure (Kg/cm2 g)

Measured Pressure
— PVD Curve Tubing Correiation Comparison - Plot
— TvD Curve Tubing Correlation Comparison - Plot

Puc. 1.
Fig. 1.

Ilposepka kavecmea Hacmpolku modeau
Checking the quality of the model tuning

B cnyyae, ecnu pacu€rHoe JaBiieHHE MEHbINE (ak-
THUYECKOTO0, Moa0upaeTcsi Kod(GUIIMEHT U3HOCa Hacoca
MOKa 3HAYCHHS HE COBMAMYT (PEKOMEHIYEMOE PacXoK-
nenne He Gonee 1 kre/em?). Ecin koa(¢uienT n3Hoca
nexut B nipeaenax ot 0 o 0,2, To 3T0 cuuTaeTcs J0my-
CTUMBIM 3HAUCHUEM, MPU YCIOBUH, €CIIH MEKPEMOHT-
el niepuion (MPII) nHacoca Gomnpme 200 cyrok [4].
Hactpotiika BepTHKaIbHOTO JTH(Ta HA TOM 3aKaHYHBA-
eTCHlL.
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Ecim xoaddunmenT n3Hoca Hacoca okakeTcs 0o-
nee 0,2, TO 3TO CUHMTAETCS ITOBBIMIEHHBIM H3HOCOM.
Heo6xoauM TOTTOTHUTENBHBIN aHaIHu3: JTMO0 Mepernpo-
BEpKa MCXOMHBIX MTAaHHBIX TI0 3aMepy Ha JaTy aKTyalld-
3anmu (B ciiydae OOHapy)KeHHUs OIHMOOK TMporeaypa
HACTPONKH BEPTHKAIBHOTO JI(TA MOBTOPSIETCS 3aHO-
BO), TMOO MOUCK MPHYHH TOBBIIIEHHOTO M3HOCA HACO-
ca (B cimy4yae MOITBEP)KICHUS MOBBIIICHHOTO H3HOCA
HACTpOIKa BEPTHKATBHOTO JTH()TA 3aKAHIMBACTCS, O-
MOOpaHHBIA KO((GUIMEHT W3HOCA MPUHUMACTCS JI0-
mycTuMeIM) [5—-10].

[IpomsBoauTcsl aHaNM3 MPUYWH PEMOHTOB. 3Haue-
HUEe Kod(¢ummeHnTa m3HOoca MokeT mocturath 0,5 B
TOM Clly4ae, eClU I CKBOKUHBI XapaKTePHBI OCI0XK-
HEHUs IpU DIKCIUIyaTallud B BUJAE COJICOTIIONKECHMM.
[Tpu 5TOM TOYHAS amanTaIys TAKUX CKBAKUH BO3MOXK-
Ha TOJBKO IMOCNIE 3aMepa MpOQHIS MaBICHUS Hal
HACOCOM, TaK KaK BO3MOXKHO COJICOTIIOKEHHE KaK B
YOLH, tak u B madte [11]. Ha puc. 2 romryOosiMu To4-
KaM{ TIPEICTAaBICHBI 3aMephl MaBJICHUS IO CTBOIY
CKB@KHMHBI C MOMOIIBIO Teou3nYeckoro mnpudopa, a
TaKKe JEMOHCTpAlUs KauecTBAa HAJIOKCHHS KPUBOU
pacripeneNeHns TaBICHHS IS 3aTaHHOM KOPPEIIAIINH.

Gradient Traverse - Flot

Temperature (deg C)
) 2 £

1224

1700

Measured Depth (m)

Pressure (Kglem2 g}

Neasured Pressure
— PvD Curve Tubing Correlation Comparison - Plot
— TvD Curve Tubing Correlation Comparison - Plot

Puc. 2. Pacnpedeserue dassieHUs1 N0 CM80aY CK8ANCUHbL
Fig. 2.  Pressure distribution along the wellbore

B cnyuae, ecnu pacuétHoe 3HaueHue Ooubline (hak-
THYECKOTO, HEOOXOIUMO TIEPENpPOBEPUTH HCXOIHBIC
JAHHBIC TI0 3aMepy Ha JaTy aKTyaiu3aluu (B IEepPBYIO
ouepens naBienue Ha npuéme DLIH, vactory OLIH,
JeOuT KUIKOCTH, OydepHoe nasnenue). [Ipu oOHapy-
JKCHHHU OIIMOOK IMPOIIeypa HACTPOHKH BEePTUKAIBHOTO
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mudTa MoBTOpsieTcs 3aHOBO [6]. J[ist ckBaykuH ¢ Kpat-
koBpemeHHoM 3kcimryatanued (KOC) ocoboe BHMMAa-
HUE YJAENsSeTCs] aHAIM3y BEJIMYMHBI MTHOBEHHOTO Jie-
Oourta. Jlnsg CKBaXWH C BEHTWIHHBIMU JBHTATEISIMHU
YTOUHSETCS] YacTOTa BPALICHHUS TIPH MEPEBOIE SIUHHMIL
u3MepeHus u3 oo/muH B ['11 (IepeBO MPOU3BOIMUTCS
psIMO MIPOMOPLMOHAIBHO oT COOTHOIICHHUS
2910 00/Mmun=50 TI'1, nmas BEHTUIBHBIX [BHUIaTENICH
3aBUCUMOCTb MOXKET OBITh He Tpsimast) [7].

Crnemyer oOpaTHTh BHUMAaHHE, YTO ITOIOOpPAHHBIN
KOA(pPUIMEHT H3HOCAa Hacoca II0CTe 3aBepIICHUS
HACTPOMKKM MOJETN CKBaXHHbI B cekiuu «VLP/IPR
Matching» HE0OXOJMMO BPYYHYIO 3aHECTH B CEKIHIO
«ESP Input Datay.

Wupnkatopusie kpusbie (IPR — Inflow Performance
Relationship) omuceIBarOT 3aBUCHMOCTh MEKIY IEpe-
MajaMu JIaBIICHUs] B CKBKUHE M €€ JIeOUTOM, 4YTO SiB-
TSieTCSl BAXKHBIM HHCTPYMEHTOM JIJIsl IOHUMaHUS TIOBE-
JICHUS IDTACTa/CKBAKUHBI M KOJIHYCCTBCHHOW OIICHKU
MIPOM3BOAUTEIIEHOCTH CKBAKUH.

J1s HAacTpoONKM WHAMKATOPHOM KPHUBOM crleayeT
ucroiibzoBatb MeH «VLP/IPR» B cekunu « VLP/IPR
Matching». Ha Bxiamke «VLP/IPR» BemonHseTcs
pacuéT JuUI JaHHBIX Ha JIaTy aKTyalu3aluu ¢ BIOpaH-
HoW Koppersueit Petroleum Experts 2.

Kpugas Beprukanpaoro nmugra (VLP — Vertical Lift
Performance) nokasbiBaeT, kakoe JaBieHUE TpeOyeTcs
JUISL TIOJbeMa ONPEIEeNIEHHOTO KOJIMYECTBA JKUAKOCTH
Ha ITOBEPXHOCTH MPH 3aJaHHOM yYCTHCBOM JaBJICHHU.

[To pesynpTaraM pacuéra OLIEHWBAETCS, HACKOJIBKO
pacuyéTHOE 3HAYCHHUE MO JCOUTY JKUAKOCTHU (Iepecede-
Hue kpuBblx VLP u IPR) coBmamaer ¢ ¢akTudeckum.
[Tpu coBmajeHnu pacy€THOrOo W (PaKTHUECKOro AcOu-
TOB B Mpefenax 5 % HacTpoika CKBaKHHbI 3aKaHYHMBa-
ercs [12].

Hacrpoiika Mozenelt MHOTOIJIACTOBBIX CKBAaYKUH B
Prosper ocymiecTBisieTcss aHaJOTMYHO CKBa)KHMHaM,
BCKPBIBAIOIUM OJIUH TUIACT. J[isi HUX TIpH 3aHECEHUHn
JIAHHBIX M0 IJIACTY HCIOJB3YIOTCS XapaKTePUCTUKU
miacta ¢ HaubobimM geoutoM HehTH (PVT-Moznens
dmronma, Prn, Tron) [13]. Takue Momean CKBaXHH MO-
TYT WCIOJIb30BAThCS JJIS BBIIOJTHEHHUS OJWHOYHBIX
pacuéroB B Prosper (Hampumep, A moadopa TiryOmH-
HOT'0 HACOCHOTO 000PYIOBaHMSI IO CKBAKUHE).

IIpu unTerpauuu takux moxeinei ckBaxxuH B GAP
BHOCHUTCS TOJBKO XapaKTEPUCTHKA BEPTHUKAIBHOTO
madTa (VLP), a vHAMKATOpHBIC KPUBBIC 337at0TCS OT-
JIENBHO 0 KKJOMY M3 TUIACTOB C MOMOIIBIO 3JIEMEH-
toB «Inflow». B cnyuae, eciau pacuétHbie JeOUTHI MO
IUTACTaM OTIMYAIOTCS OT (paKTHUYECKHUX Oojiee 4eM Ha
5%, 03(pPUUNEHTHl MPOIYKTUBHOCTH IO IJIacTaM
MOTYT OBITh CKOPPEKTUPOBAHEI [14].

Hactpoiika Momeneld mpoObIBarommx (HOHTaHHBIX
CKBOXWH OCYIIECTBISIETCS AHAJOTWYHO B CEKIUH
«VLP/IPR  Matching» mporpaMMHOrOo HpOAYKTa
Petroleum Experts Prosper. OnmnHako ansi TOYHOM
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HACTPOWKK (POHTAHHBIX CKBRXMH HEOOXOIMM PSJl J0-
TIOJTHUTENBHBIX Tiporieayp [9].

YTounenune kodpdunuenta Temionepenaun U-
Value npoBoaNTCS TONBKO JUIS CKBaKUH C 3aMEPEHHOMN
ycTheBOUM Temmeparypoil. Ilo ocTambHBIM CKBa)KMHAM
U-Value npunuMaeTcs 3aaHHbIM 110 YMOIYaHuto. Js
MPOBEPKU KAuecTBa 3aMepa U HACTPOHKH BEPTUKAIb-
Horo nudra ciuenyer 3aiitu B MeHro «Correlation
Comparison» B cekuuu «VLP/IPR  Matchingy.
Ha Bxnanke «Correlation Comparisony BBITOJHSETCS
pacyéT M MOCTPOCHUE TPAJUEHTA JIABJIICHUS U TeMIIepa-
TYpBI B CKBXHHE JJIS1 JaHHBIX HA JaTy aKTyaJIn3alliH.
Jlis mpoBepKu KadyecTBa 3aMepa B JIEBOM HIDKHEW Ya-
CTH CEKIMU BBIOMPAIOTCA TPaHUYHBIE KOPPEISAIUU
Fancher Brown u Duns and Ros Modified u mpoBo-
murest pacuet. Koppemsiiust Fancher Brown e y4uThi-
BaeT NMpOoCKalib3biBaHue (ha3 B TpyOONpoBOE, Ciie/i0Ba-
TEJIbHO, PACCUMTHIBACMBIM TIepenaj IO HAaCOCHO-
kommpeccopHbiM Tpydoam (HKT) Oymer MuHUMaIb-
HbIM. Koppessiiimst Duns and Ros Modified paccunTsi-
BaeT MakcuMaibHbIA mnepenan aasienuss no HKT c
YYETOM IPOOKOBOTO PEKUMA TCUCHHS. 3aMep CUUTACT-
Cs1 KOHIUITMOHHBIM, €CIIU JISKHUT B IOJIE MEKAY dTHMHU
koppemsinusamu [10].

YroObl HAMIATHO YOSIUTHCS B TIPUTOJHOCTH 3aMe-
pa, ¢ TOMOIIIBIO KHOTKH Plot BEIBOASTCS (haKkTHUESCKUN
3aMep M Tpa(uKy TpalueHTa JaBICHUs, paCCUUTAaHHbIE
M0 TPAaHUYHBIM KOppessusiM (puc. 3).

et v )

60 80 100

20 140
Pressure (Ka/cm2 g)

Puc. 3.
Fig. 3.

Ilposepka kayecmea 3amepa
Measurement quality check

Ha pwuc. 3 BugHO, 9TO 3aMepeHHas TOYKa TOMaaeT
B 00J1aCTh MEXTy TPAHUYHBIMH KOPPEISAIUSIMH, a 3Ha-
YUT MPUTOJHA JJIS1 JaJIbHENIIIEN HaCTPOUKH.

Jlanee BBIOMpaeTCs HECKOJBKO KOPPENSIUAN IS
pacdera BEPTHKAIHHOTO TEUCHUS Ta30KUIAKOCTHON
cMecH. JlaHHBIe KOPPEISUY MOyYeHbl ITyTeM aHaJIU-
3a 0OJIBIIOrO KOJMYECTBA JAHHBIX U ITOKA3bIBAIOT MaK-
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CHUMaJbHBIE M MUHHMANbHBIC TIEperanbl AaBJICHUS B
HKT mnst GompmmHcTBa citydaeB [15]. Koppensius
Petroleum Experts 2 paccuMThIBaeT PeXUM TEUCHUS
BEPTUKAJIFHOTO TIOTOKA B CKBAXKUHE, ITOITOMY JTaHHAs
KOppeJsIys BEIOpaHa /sl MCTIONB30BaHHUs B pacyeTrax.
Mopenn CcKBaXHH OyIyT HAcTpOEHBl HA HCXOJHBIE
JaHHBIE C WCIOJBb30BAHUEM JAaHHOW KOpPEJIAIHH.
ITo rpadukam rpagreHTa IaBICHHS MOXXHO BH3YaJIbHO
OLICHUTb, HACKOJIBKO PAacYETHOE 3HAUCHME MaBICHUS
COBIAIAaCT C (PAKTUICCKUM 3aMepOoM (pHcC. 4).

Gradient Traverse - Plot

Temperature (deg C)
54 83 T2

1080]

1449)

1800|

Measured Depth (m)

2160

2880

£ "2 140 154

128

Fressure (Kg/cm2 g)

Puc. 4. T'paguk zpaduenma dasieHus
Fig. 4. Pressure gradient plot

Jlist GOHTAHHBIX CKBaKHMH TAK)KE PACCUYMTHIBAKOTCS
nonpaBku Ha rpaButanuio (Parameter 1) u Tpenue B
HKT (Parameter 2). Ecnu 1y HacTpoiKu KOppensuun
noJ axkTH4ecKuil 3aMep TpeOyeTcsl HCIOIb30BATh
Oonpiine 3HadeHus: nompaBok (menee 0,9 umm Oonee
1,1), HEOOXOAUMO TIPOBECTH JOTIOTHUTEIBHBIN aHAIH3
JTAHHBIX.

[locae mponenaHHBIX IIArOB MOJENIB BOCHPOM3BO-
IUT (PaKTUYECKUI TpagueHT AaBicHus. Teneps HEOO-
XOIMMO TIPOAHATN3NPOBATh U HACTPOUTD IEpPEeCcCUcHHe
VLP ¢ unaukaTopHOi KpuBOM. J{J1s BBIIIOJHEHUS YTOrO
miara cienyer 3aiith B MeHo «VLP/IPR» B cekium
«VLP/IPR Matching». Ha Briaake «VLP/IPR» BbI-
MONTHSIETCA pacy€T JUIs JaHHBIX Ha JaTy aJanTaluu C
BBIOpaHHON Koppensinueit Petroleum Experts 2. Ilo
pe3ynbTaTaM pacuéra OICHUBACTCS, HACKOIBKO pac-
4ETHOE 3HAUCHME MO AEOUTY KUIKOCTH (IepecedcHue
kpuBblx VLP u IPR) coBmagaer ¢ Qaxkruueckum
(puc. 5) (3eneHas Touka Ha Tpaduke).
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Puc. 5. Ilepeceuerue kpuebix VLP u IPR
Fig. 5. Intersection of VLP and IPR curves

[pu pacxoxaeHn pacuéTHOrO M 3aMEPEHHOro 1eou-
Ta 6osee 5 % noxdupaetcs 100 K0d(PHUIUESHT TPOAYK-
TuBHOCTH ckBaXWHBI (Pl — Productivity Index), mi6o
IacTOBOE JiapiieHue. [1acToBoe jaBieHne Tpu BBIIOJI-
HEHMH IIPOEKTa CYUTAeTCsi HauOoyee JOCTOBEPHBIM M3
IBYX TMEPEUNCICHHBIX IAPaMETPOB, BCICACTBUE YETO
npousBouTest moadop PI. D10 MokeT OBITH clienaHo
BpYy4HYIO B ceKimn «IPR» wim aBToMaTHyuecKku ¢ HCIIolb-
3oBanreM QyHkun «Adjust Ply. Ykazannyro (yHKImO
CTOUT HCIIONB30BATh C OCTOPOKHOCTBHIO, TaK KaK B HEKO-
TOPBIX CIy4asiX paccynTaHHOe 3HaueHue Pl moxkeT ObITH
He HaliJleHO MO0 ObITh HEKOPPEKTHBIM (IIPH HECTaOMIIb-
HoM (crmabom) riepeceyenny VLP/IPR) [16-19].

Ipu coBnageHUH PacyETHOTO U (PaKTUUECKOro 1eOU-
TOB B npezeNnax 5 % HacTpolKa CKBaKWHBI 3aKaHIHBACTCS.

[Ipu HacTpolike Mojieel IePUOANIECKIX CKBAXKIH
B Prosper ncronb3yercss MTHOBEHHBIH JeOUT. DTO 1M03-
BOJISIET KOPPEKTHO BOCIIPOM3BECTH PabOTy BHYTpPHC-
KBOXHHHOTO 000pYIOBaHMSI B TOT MOMEHT, KOTJIa OHO
B pabore. J[eOUT >KHUIKOCTH TEPECUUTHIBACTCS W3
YIDIOTHEHHOTO B MTHOBEHHBIH.

Hacrpoiika neprogndecknx CKBa)XKUH MPOBOIUTCS
MO TeM JKE MPUHIIMIIAM, YTO M HACTPOHKa CKBaXKHH C
MIOCTOSIHHBIM pEXKUMOM paboThl. [Ipn nepexoxe k pac-
geTaM Ha MOJAETH HMH(PACTPYKTYpPHI Ui HEPHOANIC-
CKHUX CKBaXXWMH HCIIOJIB3YeTCsl YIUIOTHEHHBIH JEOHT.
DTO YYHTBHIBACTCS MYTEM HCIIONB30BAHUS KOAPPHIIN-
eHTa npocros «Downtimey.

Koaddumment mpocrost «Downtime» mo3BossieT
KOPPEKTHO YYHTHIBATh HAKOIUICHHYIO JOOBIUY TIpU
MIPOBEICHUH TIPOTHO3HBIX PACUETOB.

B pesysbprarax pacuyera Ha cpe3 M IIPOTHO3 €CTh JiBa
nokazatens JebutoB mo dazam, Hanpumep, «Liquid
Rate» u «Average Liquid Rate». «Liquid Rate» — ato
MTHOBEHHBIN n1ebutT, a «Average Liquid Rate» —
YIJIOTHEHHBIH Je0UT, T. €. C yueToM K03 uIreHTa.

Pe3yJibTaThbl
[Mocne amantanuu MOAENH CKBOKUHBI HA (DaKkTHUe-
cKHe JaHHble, Belmeonucanuoe 110 nmo3Bosser mpose-

CTH ONTUMU3AIMOHHBINA PACUeT, C TOMOIIBIO KOTOPOTO
Prosper npeasio)kuT pazauyuHbie CIICHAPUH TSl YBEJIH-
geHnst 1o0bran HeTH. [logOupast pa3muaHbIe YacTOTHI
OIH, a Ttaxke auamerp mryuepa (aiast (GpoHTaHHOM
CKBa)XMHBI) B CEKIHH «System», IPOrpaMMHBIM KOM-
TUIEKCOM OYJIeT TIPOM3BE/ICH pacueT JeOnuTa CKBaXKUHBI
C YUETOM 33/IaHHBIX MapaMeTpoB. B ciyuae BeIXOma 3a
mpeesbl padoyueil 30HBI MOSBUTCS JOMOJHHUTEIHHOE
YBEIOMJICHHE O HEBO3MOXKHOCTH PaCUETOB.

B xagecTtBe mpuMepa ycrenHon MpakTUKHA MpUMe-
HEHUs] ONTHUMM3ALMOHHBIX PACUETOB HA MOJEIAX
CKBKMH MOYXHO OTMETUTH MOJIOKUTENbHBIA pe3yiib-
TaT HAa YasHIUHCKOM MECTOPOXKACHHH IO KyCTOBOH
wiomagake Ne 9 (ITAO «["aznpomued1h»). B pesynbra-
T€ OIBITHO-IIPOMBIIUICHHBIX HCIBITAHUN ObUIM TOJY-
YeHBI CIEIYIOUINE PE3yNbTAThl: TOMOTHHUTENbHAS J10-
Oblua HeTH cocTaBwiaa 133 T B CyTKH; NPOHM3BOJIU-
TEIbHOCTh CKBa)KHMH Bo3pocia B 1,1—1,5 pasza orHOCH-
TEIFHO HCXOTHOTO COCTOSHMA. B Xozme mpoBeneHus
pacyeToB Ha HACTPOCHHBIX MOJENSAX CKBAKUH OBLIN
BBIITOJTHEHBI PEKOMEHIAINH IPOTrPaMMHOTO obecrede-
HUS TI0 TPYNIOBOH ONTHUMH3AIMH pEXUMa pPabOTHI
CKBKUH KYCTOBOW IUIOMIAJKK (TIPOM3BENEHBI MEpO-
NpUATHUS, HallpaBlIeHHbIE Ha yBenuueHue yactot DLH
0 CKBa)KHUHaM) (Ta0JuIa).

Ta6auya. YseauueHue de6uma Hedpmu no CK8ANCUHAM
Kycmosoll naowadku Ne 9 YasaHduHckozo Me-
cmoposcdeHus

Table. Increasing the oil rate on wells of the bush site
No. 9 of the Chayanda field

CKBaXXHHa, Jle6uTt HedTH 110, T/CYT Jle6buT HeTH NOCITE,

Ne 0il flow rate before, T/CyT
Well, No. t/day 0il flow rate after, t/day
9700 135 144
9701 142 159
9703 210 225
9704 11 45
9705 25 58
9707 83 108
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BbIBO/1bI

B nanHoii paboTe mpencTaBieHa  METOJMKA
HACTPOWKKM MOJIeNiel JTOOBIBAIOIINX CKBRXHH C HC-
MOJIb30BaHUEM IIPOrpaMMHOr0 obecrieueHus Petroleum
Experts Prosper. JlanHoe I1O mo3BosisieT ¢ BBICOKOI
TOYHOCTBIO MOJICTHPOBATh paboTy CKBaKHH TPH pas-
JUYHBIX yCIOBUX. B pe3ysbrare aHann3a ObLIM BBISB-
JIEHbl KPUTEPUM HACTPOUKU CKBAXKHH, a TAKXKe Mpe-
CTaBJICH MHHHUMAJIbHBIA HEOOXOMUMBIH HaOOp mapa-
METPOB i1 Ka4eCTBEHHOW ajanTtanuu Mojaenei. Tak-
JKe ToKazaHa A(P(EeKTUBHOCTh W TOYHOCTH MOJEIeH
MOCPECTBOM CpaBHEHUS (DAaKTUYECKHX JIAaHHBIX O pe-
KUMax paboThl CKBRXHMH C pacueTHbIMH. Ha ocHoBa-
HUH TPOACTAHHONH PabOTHl MOKHO CHENaTh BHIBOA O
TOM, YTO HCHOJb30BAHHWE HHTEIPUPOBAHHOM MOJENn
JIEMOHCTPUPYET HaM BBICOKOE CXOXKICHHE C peabHbI-
MU JaHHBIMH, YTO MO3BOJIAET C JOCTaTOYHOW TOYHO-
CTbIO TIPOBOJUTH ONTUMHU3ALMOHHBIE PACUEThI C MOTY-

YeHWEeM pe3yJibTaTa, 00eCICUMBAIONIMM HAMOOJBIINN
addexr [20].

Hayunas HOBH3Ha pa®OoThI 3aK/IIOYAETCS B WHAWBH-
JlyaJlbHOM TIOJIXO€ K HACTPOMKE MoOfeNiell CKBaKWH
YasgHIMHCKOTO MECTOPOKIACHUS: [UIS PA3NNYHBIX Me-
CTOPOXIICHUI TpeOyeTCs MpaBrIbHAS aIanTallHs MOJIe-
Jeld U BRIOOP KOPPEKTHOW KOPPEISAIH, a TAKKe MO-
TBEP)KICHUE CXOANMOCTU PACUCTHBIX M PEalbHBIX JaH-
HBIX, YTO TaKXKe OBLIO IMPEACTABICHO B X0JI¢ PA0OTHL

B xoxe mpoBeneHHsT ONTHMHU3AIMOHHBIX PAcUCTOB
M0 CKBaXXMHAM TAK)KE NMPAKTHYECKH YCTAHOBJICH IIO-
JOXHUTEIBHBIN d(P(EKT B BHUIE MOTYUICHHS IOIOIHU-
TENbHON MOOBIYM HEe(TH, YTO TO3BOIISIET THPAKUPO-
BaTh JJAHHYIO TEXHOJIOTHIO HA JAPYTHEe MECTOPOKICHUS.
Cymmapubiii 3¢ dext mnposenaenus OIIM  cocraBun
133 T He(TH B CYTKH, YTO DKBHBAJICHTHO NPHUOIHA3H-
TEIBHO 2 MJIH P. B CYTKH TPU CTOMMOCTH He(TH IO
COCTOSIHMIO Ha siHBapb 2023 .
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