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AHHOTaUuA

OCHOBHbIM UCTOYHUKOM NONy4yeHUsa nHcopmaLmm o cteneHun nporpesa HedTAHOro niacta U 3¢PeKTMBHOCTU NAPOLUKINYECKON
06paboTKM CKBaXXMH ABNAIOTCA reodusnyecKkne MCCIeAOBaHUA, 3aK/MlovYalOWMecs B MU3MEPeHUn Temnepatypbl B CTBOJe
CKBa)XMHbI C NOMOLLbIO ONYCKAEMOro B CKBaXKMHY reodusnyeckoro npu6opa. 310 0BOJIbHO TPYA0EMKUI U HE BCEraa yCnewH bl
npouecc. B KauecTBe anbTepHATUBbI B HACTOALLEN CTaTbe AeNaeTCA NONbITKA Pa3paboTKN UHIKEHEPHOro NPOrpaMMHOIO NPOAYKTa,
Cnoco6HOro NPorHo3npoBaTh pacnpeaeneHne Temnepartypbl B CKBaXKuHe u, TAKUM 06pa3om, 4aCTUYHO NTMGO NONHOCTLIO 3aMeHATb
MCCIeA0BaHUA CKBAXKUHbI C NOMOLLbIO OnycKaemoro npubopa. HeilpoHHas ceTb, ieXkallas B OCHOBE MH)XEHEPHOro NpoayKra,
obyyanacb Ha JaHHbIX O CKBa)XMHaX YCMHCKOro MecTopoXaeHus. B cTaTbe 0TMeYaeTcs, 4T0 BO3MOXKHOCTb NPOrHO3MPOBaHUSA
pacnpeaeneHua remnepatypbl B CKBaXXUHAX MOXKeT N03BOJIUTb UH)XKXeHepaM HaxoAUTb U peasiu3oBbiBaTb Hauﬁonee pauuoHanbHble
PeXUMbl NApPOLUKIINYECKOI 06pabOoTKM.

Matepuanbi u meToabl Ha OCHOBAHMM JaHHbIX NAPOLMKANYecKon 06paboTKu 50 CKBAKMH
Mpn NpoeKTMpoBaHUN, reHepaLun, TECTUPOBAHUN HEMPOHHbIX CeTew YCUHCKOrO MecTopoXaeHus.

1 HEMPOCeTeBOM MOAENMPOBaHNM NCNOIb30BanVNCb MPOrpamMmmMHble

VHCTPYMEHTbI, HapabOoTKM 1 ONbIT HayYHO WKONbI NepMcKoro KntoueBbie cnosa
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Prediction of temperature distribution along the oil wells during steam cycling
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Abstract

One of the main sources of obtaining information about the degree of heating of the oil reservoir and the effectiveness of steam cyclic treatment
of wells is geophysical research, which consists in measuring the temperature in the wellbore using a descent geophysical instrument.
This is a rather laborious and not always successful process. As an alternative, this article attempts to develop an engineering software product
capable of predicting the temperature distribution in a well and thus partially or completely replace the downhole survey. The neural network
underlying the engineering product was trained on data from the wells of the Usinskoye field. The article notes that forecasting the temperature
distribution in wells can allow engineers to find and implement the most rational modes of steam cycling treatment.

Materials and methods Keywords

When designing, generating, testing neural networks and neural steam cycling, GIS 55, Usinskoye field, oil, oil reservoir, well,
network modeling, software tools, developments and experience of the  forecasting, neural network, temperature

scientific school of the Perm State National Research University were

used. To train neural networks, a dataset was used, created on the basis

of steam cycling data from 50 wells in the Usinskoye field.
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BBeaeHune

OfHVM 13 OCHOBHbIX UICTOYHMKOB NOTyYeHNA
MHopmaummn o cTeneHn nporpesa HeTAHOroO
nnacta n 3HeKTUBHOCTU 3aKayku napa npu
napouuknuyeckoi o6pabotre (MLLO) sBnstoTcs
reodusnyeckme nccnepgoBanus ckeaxuu (MO,
3aKnyanLWmecs B U3MepeHun Temnepatypsl,
AaBNeHUA W ONpejeneHnun ApYrux xapaxtepu-
CTUK Mapa nocpejCcTBOM WCCNeAO0BaHUA CKBa-
XWHbI C MOMOLLbIO OMYCKAaeMOro B CKBaXWHY
reodusmnyeckoro npubopa.

OpHaKo cnepyeT OTMeTWTb, YTO NpoBefe-
Hue F'MC umeet cBon Npobiembl. 3TO AOBO/LHO
TPYAOEMKUIA U He BCeraa ycnewHblid npouecc.
Tak, Hanpumep, Ha YCUHCKOM MeCTOPOX/e-
Hum 3a 2020 r. u3 105 nposegeHHbix [NC 38 %
OKasanucb HemHdopmaTuBHbI. [TPUYNHON HU3-
KOro oxBaTa WCCNefOBaHUAMU ABAAETCA,
KaK npaBuno, OTCYTCTBME BO3MOXHOCTU CMy-
cka npubopa TUC Ha rnybuHy 6onee 500 Mm.
WHTepBansbl e nepthopaynm 06bI4HO HAXOAAT-
€A 3HaumuTenbHo rnybxe. NMo3Tomy Takue uccne-
AOBaHMA He XapaKTepusyloT cTeneHb nporpesa
HedTAHOro nnacra. MporpaMMHbIX Xe MHCTPY-
MEHTOB, KOTOpble Obl MO3BOMAAN MPOTHO3MU-
poBaTb pacnpegeneHue TennoPuU3NYeCcKnx
XapaKTepUCTUK 3aKauuMpaemoro napa Bray6o
CTBONA CKBaMMWHbl 63 npumeHeHus npubdopa
NC, noka He cywectsyeT.

B cBA3M C 3TUM Lenb Hallero nccnefoBaHuA
COCTOMT B CO3/}aHNMN MPOrPaMMHOr0 UHCTPYMEH-
Ta, CNOCOBHOro BbIMOMHATL NPOrHO3MpPOBaHMeE
pacnpejeneHus Temneparypbl Mo CTBOJNY CKBa-
KUHbI U, TaKUM 06pa3om, yacTuyHo n16o non-
HOCTbIO 3aMeHUTb TpyAoeMKne N manoaddek-
TBHble TUC.

Hay4yHas HOBM3HA M aKTyalbHOCTb HalIWX
nccnefoBaHU 3aKKYaEeTCA B NPUMEHEHNUM CO-
BPEMEHHOro mMaTemaT4yecKkoro annapara Hen-
POHHbIX CeTeli, KOTOpPbIN, NO-BUAVMOMY, paHee
ANA 3TUX Leneil He NPUMEHANCA.

Cnepyet, TeM He MeHee, OTMETUTb, YTO
MeToAbl MalWHHOTO O0Oy4YeHUs yxe AaBHO
M yCnewHO WCNOoAb3yloTCA B 3ajayax Mnpo-
rHo3uMpoBaHus o06bemoB [06bIUM  HedTH
1 ra3a, OfHaKo He 3aTparueas MojenMpoBaHua
npoueccos MUO. Tak, B pabote [1] npeano-
EH MeTO4 NpOorHo3upoBaHua aebuta HedTU
C WCNONb30BaHWEM WCKYCCTBEHHON HENPOH-
HOM ceTn. AsTopbl paboTsl [2] pewatoT 3agavy
NPOrHO3MPOBaHUA CYTOUYHbIX 06HEMOB A0ObIUM
rasa Ha ropusoHTaNbHbIX CKBaXMUHax. B pabo-
Te [3] coobuiaetca 06 ycnewHom NpuMeHeHUM
annapata HenpoceTeBOro MOJEeNMpoBaHUA
ANs NPOrHo3vMpoBaHus Aebuta HedTM Ha Me-
cTopoxaeHun Bonse B Hopseruun. ABTopsl pa-
60Tbl [4] NpUMeHWNU MeToh HelpoceTeBoro
MOAENMPOBaHUA A8 NPOrHO3MpPOBaHNA AWHa-
MWUYECKOro 3a60iHOro AaBneHus B HedTAHbIX
CKBaXMHax C Lenbl ONTMMM3ALUKM A0ObIYK
HedTn. NMonb3yscb meToaamu MalMHHOrO 06-
y4yeHUA, BKIOYaA perpeccuto, MeToj onop-
HbIX BEKTOPOB W HENPOHHble ceTu, aBTopbl [5]
co3ganu mofjenb, NporHosupyiolyio Aebut
HeTU B 3aBUCUMOCTW OT BPEMEHU W [pYyrux
napameTpos.

Takum 06pasom, Mbl BUAMM, YTO MeETOAbI
MalUMHHOrO 0BYY€eHMs, B YaCTHOCTU HEMPOHHbIE
CeTun, AOBOJIbHO LIMPOKO U YCNewWwHo NpUMeHs-
l0TCA B 3afja4ax NPOrHo3npoBaHuA N oNTUMMK3a-
umn o6bemoB fo6blun HedT. OfHAKO cnyyaes
NMPUMEHEHNA 3TUX NPOTrpecCUBHbIX METOA0B
B 3ajavax mogenuposanua MNUO Ham obHapy-
XWUTb He yaanocb. Tem 6onee Ham He ynanoch
HalTM paboTbl, B KOTOPbIX METOA HeilpoceTe-
BOTO MOJENMpOBaHUA ucnonblosanca 6ol Ans
BbIfABNEHUS 3aKOHOMepHocTew npouecca MU0,
3HaHMe KOTOPbIX HEOOXOAUMO MHIKEHepaM Ans

ero onTMManbHOro MPOEKTVPOBAHUA U NpUMe-
HEHWA Ha CKBaXMHax.

Llenbto HacToAwero uccnepoBaHua ABNA-
etca paspaboTka matemaTM4yecKon mopnenu
npouecca MNLO Ha ocHOBe HEMpPOHHbIX ceTen
C nocnegywouwnum npuMeHeHnem paspaboTaH-
HOW MOAenu ANA BbIABNEHMA 3aKOHOMEepHO-
cTen 3toro npouecca. Lenbio uccnegosanua
ABNAETCA TaKkKe Co3/aHNe Ha OCHOBE paspabo-
TaHHbIX HEWPOHHbIX CETEN WMHXEHepPHOro npo-
rPamMMHOro NpoaykTa, NnpeAHasHayeHHoro AnA
NOAAEPKKN NPUHATUA PELeHUA WMHXKeHepoB-
HePTAHMKOB, 3aHUMAIOLLNXCA NPOEKTUPOBAHMU-
em n nposegexnem MLO.

Co3paHue HEPOHHOM ceTu

[ns [BOCTMXEHWs 3TOi uenu Ham 6biu
npegocTaBneHbl AaHHble pesynbtatos [UC
no 51-i cKBaXu1He YCMHCKOro MeCTOPOXAEHUA.
B 3tom MHoxecTBe AaHHbIXx 20 napameTpos
6blN0 NPUHATO B KayecTBe BXOLHbIX napame-
TPOB CO3[aBaeMoON HelpoceTeBOW MoOAeNu.
Cpean 3TMX ABaAuaTM BXOAHBIX NapameTpoBs
Gbiny 06l e XapaKTEPUCTUKU CKBAXMUHbI, Bpe-
MA roga, B Kotopom nposoaunucs MUO n MC,
a TaKKe XapaKTepUCTUKK napa Ha BbIXOAe na-
poreHepatopHoit yctaHoBku (MMY) u Ha ypoBHe
yCTbA CKBAXMWH.

B KauecTBe BbIXOAHOro napameTpa Hen-
pOHHOW ceT 6bina NpuHATa Temnepatypa,
cHUMaemas ¢ npubopa, NMC no mepe ero cny-
CKa B CKBaywuHy. C KaXaol CKBaMMHbI Oblno
CHATO B cpeaHem no 1500 TaKux 3amepos,
Takum obpasom Bce MHoxecTBo ([atacer)
coctasuno 51 x 1500 = 76 500 npumepos.

M3 cobpaHHoro Habopa AaHHbIX 6bi10
BblAeNeH0 TecToBOe MHOXecTBO, COCTO-
Auwee u3 1 500 npumepos, OTHOCALLMXCA
K 51-1 cKBaXuHe. M3 ocTaBlieroca MHOXecTBa
(76 500 — 1 500 = 75 000 npumepoB) 6bi0 yaa-
neHo npubausuTensHo 50 NpUMepoB, ABAAI-
Wuxcsa BbIGpOCcamMu CTaTMCTUYECKON MHbOpMa-
LMK, KOTOPble BO3HUKAM W3-3a MOrpeLHocTen
usmepenuit npubopos MC. Boibpockl 6binn 06-
HapyeHbl C NOMOLLbI0 aBTOPCKON METOANKM [6].
B ocHOBe 3TOM METOAUKN NEXUT CBOWCTBO HER-
POHHbIX CEeTel, UMelWmnx HeGonblloe KO-
YecTBO CTeneHei cBoboAbl, NN0Xo obyyarbes
Ha npumepax, ABAAIOLWMUXCA CTAaTUCTUYECKUMU
Bbl6pocamu. Mocne NpUMEHeHWUs MpoLeaypsl
06yyeHNs TaKon HENPOHHOI ceT 6onee BbiCo-
Kas norpewHocTb 00y4YeHNs KOHLEHTpUpyeTcs
Ha Tex NpuMepax, KOTopble BbiNagaloT 13 06Lmx
3aKOHOMEpHOCTe MoJenvpyemoi npeamet-
HOM obnacTu, T.e. ABNAIOTCA CTATUCTUYECKUMM
Bbl6pocamu. 3Ta NOBLIWEHHAA NOrPELHOCTb
1 ABNAETCA MHAMKATOPOM TOro, YTO l@aHHOe Ha-
GntofeHne ABNAETCA OWNBOYHBIM.

OctanbHble 75000 — 50 =74 950 npumepos
6binn cnyyaiHbiM 06pa3om pasgeneHbl Ha 06y-
yatouiee MHoXecTBo 71 950 npumepos 1 Banu-
anpyrouiee mHoxecTtso 3 000 npumepos.

[ns reHepauuu, obyyeHus, BanuaaLmm v Te-
CTVPOBAHMA HEMPOHHBIX CETel Mbl UCMONb30Ba-
M CcOBCTBEHHBIN NPOrPamMMHbIA UHCTPYMEHT
«Henpocumynatop 5.1» [8], KOTOpbIN XxOpoLo
3apeKomeHfoBan cebs npu BbINONHEHUN MHO-
rMx Hawmx npoekTos [7]. C nomoLLbto 3TOro0 Npo-
rPaMMHOr0 MHCTPyMeHTa 6binu creHepupoBa-
Hbl HEMPOHHbIE CETU Pa3NNYHON apXUTEKTYpbI.
B npouecce Banuaauum c NOMoLLblo Nporpamm-
HOro WHcTpymeHta «Hemnpocumynatop 5.0»
6bina nogobpaHa onTuManbHas Ans AaHHO 3a-
[lauv apxXuTeKTypa HeipOHHOW ceTu, CoOCToALLeN
13 20 BXOAHbIX HEPOHOB, OAHOrO BbIXOLHOTO
HellpoHa C NMMHENHON aKTUBALMOHHOW QYHKLK-
el N ABYX CKPbITbIX CI0EB C BOCEMbIO U TpemA
HelipoHamMM C aKTUBALMOHHbIMK (YHKLMAMU
B hopme runep6onnYeCcKoro TaHreHca.

B pe3ynbTaTe HelipoceTeBbiX BblYMCAEHUN
6bIN0 NONYYEHO pacnpejeneHue Temneparypsbl
no CTBONY TECTOBOW CKBaMUHbl N2 51 (puc. 1)
B CpPaBHEHWUU C AaHHbIMW U3MEPEHWUN C NOMO-
wbto npubopa MC. KoadduumeHt getepmmnHa-
UnK aaHHbix R2 mexay aaHHbimu TNC-nccneno-
BaHWU 1 MPOrHO3HbIMW 3HAYEHNAMU HepOCeTu
coctasun 0,988, makcumanbHasa abconoTHas
owmnbKa coctasuna 37 °C, a cpeaHas abcontot-
Has owmnbka — 12,4 °C. [lononHUTENbHbIE NPO-
BEPKN HeWpOHHbIX CeTel, B KOTOPbIX BMeCTO
cKkBaxuHbI N2 51 B KauecTBe TeCTOBOW Nooyepes-
HO BbIBUPANNUCh APYrie CKBaXMWHbI, He NoKasa-
7N CKONbKO-HWBYAb 3aMeTHOr0 YBENUYEHMA NO-
rpewHocTei, NpeBbllaloLWnX YKa3aHHble Bbille
4yucnosble 3HaveHus. Bcero Takux Kpocc-sanu-
LauMOHHbIX NPOBepOK GbiNo nNposeseHo Gonee
aBajuatu.

AHanu3npys NporHo3Hble pesynbraTbl Bbl-
yncneHnii Heiipocetn (puc. 1), MoxHo 06patnTh
BHUMaHMe Ha He3HauyuTe/bHble CKaYKu Tem-
nepartypbl B paioHax nepdopauuu, o6Hapy-
EeHHble HeilipoceTeBON Mogenbto. HeGonbluoe
NOKanbHOE MOBbIEHNEe TemnepaTypbl B 3TUX
paioHax MOXHO OOBACHWUTL Tem, YTO 34ecb
YyacTb napa yxoauT yepes nepcdopalunoHHble
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Puc. 1. PacnpedeneHus memnepamypsi

no cmeony mecmosol cksaxcuHbl N° 51,
nosyyeHHble 8 pe3ynbmame nPO2HO3HbIX
BblyucaeHull Helipocemu u usmepeHud

¢ nomowybto npubopa Mc

Fig. 1. Temperature distributions along the
borehole of test well N° 51, obtained as a result
of predictive calculations of the neural network
and measurements using a well logging tool

JKCNO3NLUNA HEGTb rA3



OTBEPCTUA B NANACT, Bbi3blBaA €ro NOKanbHbIN
pasorpes.

MpuBeaeHHble 3hecb pesynbTaTbl TeCTU-
poBaHWA HENPOHHOW CeTW MOXHO NpuU3HaTb
YAOBNETBOPUTENbHbIMU, €CAKN  Y4YecTb, YTO
Mbl pelmnnu 3afavy, BO3MOXHOCTb HalTK pelue-
HVe KOTOPOW C caMoro Havyana npejcraBnanach
COMHUTENbHOW. [leiiCTBUTENBHO, Mbl HAYYUINCH
€ ToYHOCTbio A0 37 °C npeAcKasbiBaTb Temnepa-
TYpy B CKBaXMWHe Ha rnybuHax Gonee 1 250 m,
MMeA B CBOEM PaCMopAXEHUN MUHUMYM WH-
thopmauuu: o6Lime xapaKTePUCTUKN CKBAXMHBI,
nMHpopmaLnio 0 BpeMeHu roga v napameTpsl
3aKaynBaemoro napa, U3mepeHHble Ha NoBepx-
HOCTW 3eM/IM Ha YPOBHE YCTbA CKBAXMUHbI. Takum
06pa3om, Mbl NOATBEPAUIM CaMy NPUHLUNUANb-
HYI0 BO3MOXHOCTb TAKOr0 NPOrHO3MPOBAHNA.

Otciofa cnepyeT nofesHbli B npakTuye-
CKOM OTHOLIEHWUW BbIBOA. Tenepb MHXeHepbl-
He(TAHWKN MOTYT YaCTUYHO WAW [axe MOJHO-
CTbl0 OTKa3aTbCA OT NPUMEHEHUA TPYAOEMKON
1 He Bceraa 3G heKTBHON TEXHONOMMM CNyCcKa
npu6opa MNC B cKBaMHy, 3aMeHUB 3Ty NpoLe-
AYPY BbIYNCNEHUAMN HENPOHHON CETHU.

KomnbloTepHble 3KCNEepUMEHTbI

A Tenepb eue pa3 obpaTUm BHUMaHWe
Ha TO, YTO HaM yAanocb Co3aaTb matemartuye-
CKYI0 MOJieNb, KOTOpas nokasana npuemnemyio
NnorpewHoCcTb NPOrHO3MPOBAHUA TemnepaTypbl
B N060I TOYKE TECTOBOW CKBAMMHbI. JTO 3Ha-
4MT, YTO HEMPOHHasA CeTb, B Npejenax csoemn
norpewHoctu (37 °C), agexksatHa mogenupye-
MOMY npoueccy 1 BeaeT cebs TaK e, KaKk Beno
6bl cebs Moaenpyemoe siBNeHre B pasinyHbIX
cUTyaumsax. 3HauuT, Haf, HeMPOHHOW CeTblo, KaK
Hag mogenbto npouecca lMLUO, moxHo cTaBuUThH
KOMMbIOTEPHbIE IKCNepUMeHTbl. MOXHO, BUPTY-
anbHO M3MEHAA BXOAHbIe NapamMeTpbl, NoayyaTb
OTBET Ha BONPOC: «4TO BYAET, eCIN U3MEHUTL TOT
unu uHon napametp MLUO?».

B KayecTBe npumepa nposBefeHUA BUPTY-
anbHbIX KOMMbIOTEPHBIX 3KCNEPUMEHTOB 6bina
BbibpaHa ckBauHa N° 51, XxapaKTepucTuKu
n ycnosusa nposegenus MNLO KoTopon npusese-
Hbl B Tabnuue 1.

C noMmolLbl0 HENPOCETEBbIX BbIYUCAEHUIA
nonydyeH pesynstat (puc. 2a), oTBevatoLuii
Ha BOMpOC, YTo 6biN0 Obl C pacnpefeneHu-
em TemrnepaTtypbl MO CTBONY CKBaXWHbl, eciu
6bl  «MoKa3aHMA CcyeTYyMKa pacxopa napa
Ha ycTbe», a BMecTe ¢ HUM U «Pacxop napa
NMo CYeTYNKY Ha MaporeHepaTopHOW ycTa-
Hoske (MIY)», a Takke «Pacxop napa Ha My
Ha 0fJHY CKBaXMUHY», «[laBneHne napaHaycrbe» n
«[laBneHvie napa Ha MNINY» ogHOBpeMeHHO yBe-
amumanuch 6bl B 1,25 pasa Wau yMeHbWMUANUCh
6bl BO CTONLKO e pa3. MicxofHoe pacnpegene-
HUe Temneparypbl, COOTBETCTBYlOLlee Tabany-
HbIM AaHHbIM (Tabn. 1), NoKasaHo KpacHbIM
usetom (puc. 2a). 3eneHbiM LBETOM OTMEYEHO
pacnpepgeneHue Temnepartypbl npu ysenuye-
HWMW BCEro YKa3aHHOro KOMMeKca napameTpos
B 1,25 pasa, a CMHMM LiBETOM NOKa3aHo pacnpe-
LeNeHune Temnepartypsbl, ecnu 6bl BCe 3HaYeHUs
3TOr0 KOMMJEeKca napameTpoB YMeHbLWMWINCh
6bl B 1,25 pa3a. Kak BUMAHO U3 NpuBefeHHbIX
pesynbtatoB (puc. 2a), yBenuYeHWe AaBneHus
1 pacxofa napa B 1,25 pasa 3Ha4uTeNbHO ynyy-
WaeT Nporpes CKBaX(WHbI, TOrAa KaKk COOTBeET-
CTBYIOLLlee YMEHbLIEHME 3TUX NapameTpoB Mnpu-
BOAUT K 3HAYMTENbHOMY MOHMKEHWUIO CTeneHun
nporpesa CKBaXWMHbI.

AHanorn4yHo € NOMOLLbI0 HelipoceTn nony-
yeH pesynbrar (puc. 26), oTBevyaloWwmii Ha Bo-
npoc, 4to 6bin0 Gbl € pacnpeseneHnem Temne-
paTtypbl N0 CTBOJNY CKBaXMHbI, ecin 6bl «[leHb
nposefeHna TUC ¢ Hayana 3aKkayku napa»
1 «O6bem 3akayaHHoro napa Ha MmomeHt MMC»
OAHOBPEMEHHO yBenuuunucb 6bl B 1,95 pasa
NN YMEHbLIMANCL BO CTONbKO pas. Mcxoa-
Hoe pacnpegeneHue TemnepaTypbl NOKasaHo

Tabn. 1. Yenosus nposederus MO u xapakmepucmuku ckgaxcutbi N° 51
Tab. 1. Conditions for carrying out the CSS and characteristics of well N° 51

BxoaHble napameTpbl HEMPOHHOM CeTn
Tny6uHa 40 OTMETKM MO CTBONY, M
Mepdopauus

InyBuHa CKBAXMHbI, M

Iny6buHa oo nakepa, M

[JnvHa naponpoBoga, M

30Ha 3anexu

[Jara nposegenua MG, mecay,

Pacxop napa Ha MY no cuetyumky, 1/4
[Jasnenue napa Ha MY, atm.

Temnepatypa napa Ha My, °C

Cyxoctb napa Ha Y, %

06bem 3aKayaHHOro napa Ha momeHt FNC, T
MNoKa3aHusa cyeTynKa pacxofa napa Ha ycTbe, T/4
[laBneHue napa Ha ycTbe, aTm.

Temnepatypa Ha ycTbe, °C

[Jarta Hayana 3aKayku napa, mecay,
KonnyectBo CKBaXWH, 3anuTaHHbIX Ha MY, wr.
[Jenb npoeepeHns MNC c Hayana 3akayku napa
Iny6uHa oT ypoBHsA MOPSA A0 OTMETKM, M

Pacxog napa Ha MY Ha 0AHY CKBaMUHy, T/cyT
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KpacHbIM LBeTOM. 3efieHbIM LLBETOM OTMeYeHOo
pacnpegeneHne Temnepatypbl Npu yBennyeHunm
3TUX napameTpos B 1,95 pa3a, a CUHUM LiBETOM
MoKasaHo pacnpefjeneHvie Temneparypbl, ecim
Obl 3HAYEHMA 3TUX NapameTpPOB YMEHbLIMANCH
6bl B 1,95 pasa. Kak BUAHO U3 NOJYYEHHbIX pe-
3ynbTatoB (puc. 26), yBenuueHue Konuyectsa
AHEN C Hayana 3aKa4yku napa npu ojHOBpPeMeH-
HOM yBenuyeHun obbema 3akayaHHoOro napa
B 1,95 pasa 3HauyuTenbHO yny4yliaer nporpes
CKBaXWHbI, TOTla KaK COOTBETCTBYIOLlEe YMEHb-
WeHne 3TUX NapameTpoB MPUBOAUT K TaKOMy
e CUIbHOMY MOHMKEHWUIO CTerneHu nporpesa
CKBaMMWHbI.

AHanoru4yHo nonyyeH pesynstat (puc. 28),
OTBeYalLL Ui Ha BONPOC, 4To 6bin0 Gbl ¢ pacnpe-
fefeHnem Temnepatypbl N0 CTBONY CKBAMUHbI,
ecnu 6ol «CyxocTb napa Ha MMY» yseanuunach
6bl B 1,2 pa3a Unu ymeHblIMNAch 6bl BO CTONBKO
xepas.icxogHoe pacnpejeneHnetemnepartypbl
MOKa3aHO KPacHbIM LBETOM. 3e/leHbIM LiBETOM
noKasaHo pacnpejeneHve Temneparypbl npu
yBennyeHnmn cyxoctn napa Ha Iy s 1,23 pasa,
a CMHMM LBETOM MOKa3aHO pacnpejeneHue
Temnepatypbl, eciu 6bl 3HaYEHUs Cyx0CTU napa
Ha MY ymexblwmnuck 6bl B 1,12 pasa. Kak sua-
Ho (puc. 2B), yBennuyeHune cyxoctu napa Ha MNry
B 1,23 pa3a He3Ha4yuTeNbHO yiyylaeT nporpes
CKBaXWHbI, TOFAa KaK yMeHbLUeHne 3Toro napa-
meTpa B 1,12 pasa npuBOAUT K HE3HAYUTENbHO-
MY MOHMXEHWNIO CTENEHN NPorpeBa CKBaMUHbI.

Utoru
/13 npuBefeHHbIX B Mpeablayliem pasjene pe-
3yNbTaTOB BUPTYasbHbIX KOMMbIOTEPHBIX 3KCMe-
PVMEHTOB CNeAyloT MHTepecHble NpaKTuyecKune
BbIBOADbI:
® nyTeM yBeNMYEHUA AaBAeHWA W pacxoja
HarHetaemoro napa, Hanpumep B 1,25 pasa,
Ha cKBaxuHe N 51 MOXHO f06UTbCA 3HAUU-
TeNbHOrO YBENMYEHNA NPOrpeBa CKBaXWHbI
(pwc. 2a);
® nyTem yBeNMYEHWUA ANUTENLHOCTM Npolecca
nuo, nHanpumep B 1,95 pasa, MOXHO fo-
GUTbCA 3HAYNUTENBHOTO YBEAWYEHNA Nporpe-
Ba CKBawuMHbl N2 51 (puc. 26);
® yBe/AMYEHMe CyxoCTM mnapa, Hanpumep
B 1,2 pa3sa, Ha ckBaxuHe N2 51 He npuBoAUT
K CYL,eCTBEHHOMY YBE/NMYEHWUID Mporpesa
CKBaMuHbI (puc. 28B).
3T BbIBOAbI HE MPOTMBOPEYAT 34pPaBOMY CMbIC-
ny. OHM He MpOTMBOPEYAT MHEHWIO OMbITHbIX
MHXeHepOoB-HePTAHUKOB. OHU NULWb YTOYHAIOT
MX 3HaHUA Ha KONWYECTBEHHOM YpPOBHe ANA
KOHKPETHOMN CKBaXWHbl U KOHKPETHbIX YCA0BUI
nposeaeHua MLO.
Cnepyer OTMeTWUTb, YTO MOJyYeHHble 3[ecb
npaKTU4YeCKne BbIBOAbI OTHOCATCA TONbKO K
KOHKpeTHoM ckBaxuHe N2 51 YcuHcKoro mecro-
poxpaeHua. [lna Apyrux CKBauH 3TOro mecTo-
poXaeHUs TpebyeTcs NpoBejeHUe aHanorny-
HbIX BUPTYanbHbIX 3KCNEPVMEHTOB C MOMOLLbIO
paspaboTaHHON HEMPOHHOW CeTu.
[ina ppyroro mectopoxjeHus HelipoHHas ceTb
HenpurogHa. OHa gomkHa 6biTb 0byyeHa 3aHo-
BO Ha HOBbIX JaHHbIX, COGPAHHbIX CO CKBAXMH
APYroro MecTopoxaeHus.
[na co3paHWA yHWBEPCANbHOW HEMNPOHHOWN
ceTu, npurogHoun ana mogenvposanua MLO Ha
no6oit ckBakuHe N1060ro MECTOPOXAEHMS, NO-
TpebyeTtcs fobaBneHne BXOAHbIX HEMPOHOB AN
BBO/1a AOMNONHUTENbHBIX AAHHbIX, XapaKTepusy-
fOLWMUX OCOBEHHOCT MecTopoXAeHUs. [loTpe-
Gyetca o6yyeHUe HEPOHHOMN CETU Ha AaHHbIX,
coBpaHHbIX CO MHOTMX MECTOPOXAEHU.
[Ons ypo6ctBa paboTbl  WHIKEHepoOB, 3aHu-
mawwmxca pobbluein HedTM Ha CKBaMMHax
YCMHCKOro MecTOpOXAeHMA, CO3faHHaA Hen-
POHHas ceTb 6blna cCHabKeHa NoNb30BaTeNbCKUM
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Puc. 2. Pe3y/ibmamai 8UpMYyanbHbiX KOMNbIOMEPHbIX IKCNEePUMEHMO08:

a — sausHuUe dasneHus napa (p) u pacxoda napa (q);

6 — sausHue npodomrcumenbHocmu yukaa M0 u 06bema 3aka4yaHHo20 napa;
8 — B/IUSHUE CYXOCMU NApa Ha napo2eHepamopHoll yCmaHoske

Fig. 2. Results of virtual computer experiments:

a — effect of steam pressure (p) and steam flow rate (q);
6 - the effect of the duration of the CSS cycle and the volume of injected steam;
8 — effect of steam dryness in a steam generator plan

nHtepdencom. lonyymBlwmniics B pesynbTarte
3TOrO MHXEHEePHbIN NPOrpaMMHbIi NPOAYKT no-
nyyun HassaHue «Kanbkynatop MNLUO» u 6bin 3a-
nateHToBaH [9]. «Kanbkynatop MLO» 3anycka-
eTca no ccoinke: http://77.91.69.125/pcoCalc.
html.

BbiBOAbI

MNoaTBepxaeHa fOBONLHO HEOYEBUAHAA TUMOTe-
33 0 TOM, 4TO CBeJleHWIn 0 napameTpax napa, us-
MepEeHHbIX Ha YPOBHE YCTbA, a TaKKe MHpopMma-
LMW 0 BpPEMEHU rofia 1 06LMX XapaKTepUCTMKax
CKBA¥MWHbI AOCTATOYHO ANA NPOrHO3MpPOBaHMA
Temnepatypbl Ha No6oN rnyGuUHE CKBaXUHbI.
Co3paH MHXeHepHbI NPOrpamMMHbI NPOAYKT,
MO3BONAWLWMNIA YACTUYHO MAN MOMHOCTbIO OT-
Ka3aTbCA OT MPUMEHEHUA TPY[OEMKON U HeHa-
AEXHOW TexHonorun reousnMyeckux uccne-
AOBaHUI CKBaXMWH NyTEM CMNyCKa B CKBAaXWHY
npubopa MC. C nomowpto paspaboTaHHOro
MPOrpaMmmMHOro NpoAyKTa MOXHO NMPOrHO3UPO-
BaTb pacnpejeneHuve Temneparypbl No CTBONY

CKBaXWHbI, MPOBOAUTL BUPTyasbHble KOMMbIO-
TepHble 3KCMepUMEHTbl, MEeHAA BXO[Hble na-
pameTpbl, noay4yaTb OTBET Ha BOMPOC «KaKUM
OyaeT pacnpepeneHue Temnepatypbl B CKBa-
XUHe, ey NMOMeHATb TOT UK MHOW NapameTp
MUO?». 3To NO3BONAET MHXeHepam [eTanbHO
nccnefoBatb pasfNnyHble CLeHapuu nposefe-
Hus npouecca NMUO. ViHxeHepbl, nonb3yach pas-
paboTaHHbIM NPOrpamMMHbIM MPOAYKTOM, MOTYT
HaxoAWTb U peann3oBbiBaTb paLoOHaNbHble pe-
¥umbl MU0, MUHUMU3NPOBATL PUCKM, AOCTUTATbL
3KOHOMMUYECKON PeHTabenbHOCTI KOMMNEKCHbIX
NPOEKTOB N0 A06bIYe HEDTU.

Jlutepatypa

1. Hasanvand M., Berneti S.M. Predicting oil
flow rate due to multiphase flow meter
by using an artificial neural network. Energy
Sources, Part A: Recovery, utilization and
environmental effects, 2015, Vol. 37,
issue 8, P. 840-845. (In Eng).

2. Bhattacharya S., Ghahfarokhi P.K., Carr T.R.,

3.

Temneparypa, °C

0 100 200 300 400

8

CyX0CTb Napa 55 %
CYX0CTb Napa 62 %
CyxocTb napa 75 %
nepgopayma

Pantaleone S. Application of predictive
data analytics to model daily hydrocarbon
production using petrophysical,
geomechanical, fiber-optic, completions,
and surface data: A case study from the
Marcellus Shale, North America. Journal

of petroleum science and ngineering, 2019,
issue 176, P. 702-715. (In Eng).

George A. Predicting oil production flow
rate using artificial neural networks — the
volve field case. society of petroleum
engineers. SPE Nigeria Annual International
Conference and Exhibition, 2021,

August 2—-4, SPE-208258-MS. (In Eng).

. Baki S., Dursun S. Flowing bottomhole

pressure prediction with machine learning
algorithms for horizontal wells. SPE Annual
Technical Conference and Exhibition,
Houston, Texas, USA, October 2022,
SPE-210235-MS. (In Eng).

. Ng C.S.W.,, Jahanbani Ghahfarokhi A.,

Nait Amar M. Well production forecast
3KCNO3NLNA HEGTb FA3 MAI 3 (96) 2023



in volve field: application of rigorous
machine learning techniques and
metaheuristic algorithm. Journal
of petroleum science and engineering, 7.
2022, issue 208, 109468, 14 p. (In Eng).
6. Yasnitsky L.N. Algorithm for searching
and analysing abnormal observations
of statistical information based on the
Arnold — Kolmogorov — Hecht-Nielsen
theorem. International journal of advanced 8.

N2 4. C. 99-130.

ENGLISH

trends in computer science and
engineering, 2020, Vol. 9, issue 2,

P. 1814-1819. (In Eng).

AcHuukni J1.H. Pa3BuTne Hay4yHOM WKONbI
WCKYCCTBEHHOTO MHTENNEKTA B NEPMCKUX
yHUBEpPCUTETAX: UCTOPUA U HAYYHbIi
npuopuret (0630pHas ctatbs). MpuknagHas
maremarunKa v Bonpochl ynpasnexus. 2018.

YepenaHnoB ®.M., AcHuukni J1.H.

Hevipocumynatop 5.0: CBuaeTenbCTBO
PocnateHT o rocyfapcTBeHHOI perncrpaumm
nporpammsl Ana 3BM N2 2014618208
0112.07.2014 .

9. Anekcees W.B., CrenaHoB B.A., AicHuukunii J1.H.
VIHyXeHepHbIN NpOrpamMmMHbIN NPOAYKT
«Kanbkynartop MLUO»: CBugetenscTso
PocnateHT o rocyfapcTBeHHOI perncrpaumm
nporpammsl Ansa 3BM N2 2022682778
or 25.11.2022 .

Results

Interesting practical conclusions follow from the results of virtual

computer experiments presented in the previous section:

e by increasing the pressure and flow rate of injected steam, for
example, by 1,25 times, a significant increase in well heating can
be achieved in well N2 51;

e by increasing the duration of the CSS process, for example,
by 1,95 times, it is possible to achieve a significant increase in the
heating of well N 51;

® an increase in steam dryness, for example, by 1,2 times, in well
N2 51 does not lead to a significant increase in well heating.

These conclusions do not contradict common sense. They do not

contradict the opinion of experienced petroleum engineers. They only

clarify their knowledge on a quantitative level for a particular well and
specific conditions for conducting CSS.

It should be noted that the practical conclusions obtained here apply

only to a specific well N2 51 of the Usinskoye field. For other wells of this

field, similar virtual experiments are required using the developed neural
network.

For another field, the neural network is unsuitable. It must be retrained

on new data collected from wells in another field.

To create a universal neural network suitable for modeling CSS at any well

of any field, it will be necessary to add input neurons to enter additional

data characterizing the features of the field. It will be necessary to train a

neural network on data collected from many fields.

For the convenience of engineers involved in oil production at the wells
of the Usinskoye field, the created neural network was equipped with a
user interface. The resulting engineering software product was named
“CSS Calculator” and was patented. “CSS Calculator” is launched at the
link: http://77.91.69.125/pcoCalc.html.

Conclusions

A rather non-obvious hypothesis was confirmed that information about
the steam parameters measured at the wellhead level, as well as
information about the time of year and the general characteristics of the
well, is sufficient to predict the temperature at any depth of the well. An
engineering software product has been created that makes it possible to
partially orcompletely abandon the use of time-consuming and unreliable
technology for geophysical well surveys by lowering a well logging tool
into the well. Using the developed software product, it is possible to
predict the temperature distribution along the wellbore, conduct virtual
computer experiments by changing the input parameters, and get an
answer to the question «what will be the temperature distribution in
the well if one or another CSS parameter is changed?». This allows
engineers to explore in detail various scenarios for conducting the CSS
process. Engineers, using the developed software product, can find and
implement rational modes of CSS, minimize risks, and achieve economic
profitability of complex oil production projects.
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