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OnbIT ABANTALUA MHQFOI’IJ’IACTOBOVI
r’MaPOAUHAMUYECKOW MOAENWU HbIAUHCKOIO
YYACTKA MEOBEXbEIO MECTOPOXIAEHUA

ApanTaums MHOronractoBOi MOZEnuW, B KOTOPOW HECKONbKO MnacToB
00beauHeHbI B 0aMH 00BEKT U papabaTbiBatoTCs €AMHON CETKOM CKBa-
XUH, OCNOXHEHa B3aWMHbIM BIMSIHUEM NApaMeTPoB (MOpOBbIA 06bEM,
00bEM M MHTEHCUBHOCTb aKBUdEpa, MPOHULIAEMOCTb, MPOAYKTUBHOCTb)
Ha NNacToBOE JaBNeHue, pacnpeaeneHne fobbium ¢ SKCnyaTUpyeMbix
nnacTtoB, NPOABMXEHNE PPOHTa NNacToBO Bogbl. KoppekTupoBska nto-
Boro 13 HacTpanBaeMbIx NapamMeTpoB OAHOrO NnacTa BreyeT 3a cobon
M3MEHEHMEe KOHTPONMPYEMbIX NapaMeTPOB BCEX CBA3AHHbIX NNACToB.

MaTepmanbl N MeToabl

“ccnegoBaHui.

Mogenb HWXHEMENOBbIX ra30KOHAEHCATHbIX 3anexeil HblanHckoro yya-
cTka MefBexbero MecTopoxaeHus — MHoronnactoBast. O6bekTbl pas-
paboTku coctosT U3 3-4 nnacto. Kaxabin 06bekT paspabaTbiBaeTcs
CamMOCTOSTENbHON CETKOW CKBaXWH. Kaxpaas 3anexb SBnseTcs nnacto-
BO-CBOA0BON, 06BOAHEHWE NPOUCXOLUT B NaTepanbHOM HanpaBreHuy.
MpoBedeH aHanu3 MeTogom P/z, no pesynbTatam koToporo Habmioga-
€TCs1 AeCTBINE BOLOHANOPHOTO PexXnMa Ha 2 1 4 0bbekTe paspaboTky,
4TO HEOHXOAMMO BOCTIPOM3BECTM B MOLENM. Takke Mo JaHHOMY METOAY
MOHO KOCBEHHO CYAMUTb O KONMYECTBE [APEHMPYEMbIX 3aMacoB.

PesynbTatbl ccnenoBaHumn

1 ux obeyxaeHue.

BbiBoApl.

KntoyeBble cnosa:

HactpavBaembiMy napameTpamu nNpu agantauuu BbICTYNakoT: nnac-
TOBOE [aBrneHne, (pOHT MPOABWXKEHWS MNACTOBOW BOAbI, NPOcUNM
Ao0bluM ra3a no Kaxaon ckBaxuHe. HacTpolika HavanbHoOro npoguns
npu1TOKa BOCNPOU3BOAUTCS NO pesynbTatam nepauyHoro NAC. CooTseT-
CTBMe npochuneit nputoka AanbHeiwmx MC gomkHo obecneunBaTbes
npaBUbHBIM pacnpedeneHnemM HayasbHbIX 3anacoB rasa no nnactam
BHYTPU 3KCNyaTaunoHHoro obbekta. [lanee, coxpaHss 6anaHc npodu-
NS NpUTOKa, NPOU3BOAMTCA HACTPONKA NNACTOBOTO AABNEHNS 1 (hPOHTA
NPOABWXEHNS BOAbI NOCPEACTBOM UTEPALMOHHOTO U3MEHEHUs obbeMa
U VIHTEHCUBHOCTM akBudepa 1 nopoBoro obbema.

AnropuT™ aganTauuMm MHOTOMIAacTOBOM MOZENN, B KOTOPON HECKOSbKO
nnactoB pa3pabaTbiBalOTCH €OMHON CETKOW CKBaXMH, [OMKEH Hauu-
HaTbC C aganTauuu nNpoduns NpuToKa Ha HavanbHyl Aaty. [anb-
HelLlee nepepacnpeaenexue npoduns [obbluu JOMKHO NPOUCXOANTD
UTepaLnoHHo 3a cueT banaHca 3anacoB 3anexen, obbema U UHTEHCKB-
HOCTW BOJOHOCHOIO FOPWU30HTA, YYUTbIBas NPKU 3TOM (PPOHT NPOABUXE-
HWS! NNACTOBbIX BOA MO pe3ynbTaTam HabmnaeHnit Ha (POHAE CKBAXMH.
HacTpoiika npoduns nputoka 3a cyeT uaMeHeHus kh He pekomeHay-
€T1Cs, TaK Kak U3MeHeHue npoduns NpuToka C TeYEHNEM BPEMEHN Ya-
LLie BCEro He ABnseTca yHkumeir ot kh. Mpu 3TOM cneayeT yuuTbiBaTh
B3aMMOBIIUSIHUE BbILLEYKa3aHHbIX NapameTpoB OLHOMO Mracta Ha Bce
OCTarnbHble NNAacTbl BHYTPU SKCMyaTaLMoOHHOro 0bbekTa.

ajanTauust rMapoaMHaMMYEcKOn MOAENM, MHOTOMMAaCTOBbIA OOBLEKT,
e[MHas ceTka CKBaXWH, NNacToBOe JaBneHue, akudep, npodunb npu-
TOKa
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Kurin K.K., Gazprom VNIIGAZ,
Zagorodskih I.LA.  Tyumen, Russia

An Experiment in History Matching of the Multi-
Reservoir Hydrodynamic Model of the Nydinsky
Section of the Medvezhye Field

Introduction. History matching of a multi-layer model, where several layers are combined
into one object and developed using a unified well grid, is complicated by
the mutual influence of parameters (porosity, aquifer volume and intensity,
permeability, productivity) on reservoir pressure, balance of production
from the producing layers, and advancement of the water front. A change
in any of the adjustable parameters of one layer entails a change in the
controlled parameters of all interconnected layers.

Materials and research

methods. The model of the Lower Cretaceous gas condensate deposits of the
Nydinsky section of the Medvezhye deposit is a multi-layer one. The
development objects consist of 3-4 layers. Each object is developed by an
independent grid of wells. Each deposit is layer-uplifted, flooding occurs
in the lateral direction. The analysis by the P/z method was carried out,
according to the results of which the effect of the water pressure regime on
the 2nd and 4th development site is observed, which must be reproduced
in the model. Also, this method can indirectly indicate the amount of
drained reserves.

Research results and

their discussion. The configurable parameters for history matching are: reservoir pressure,

the front of the reservoir water advance, gas production profiles for each
well based on the PGl using a flow meter.
The setting of the initial inflow profile is reproduced based on the results of
the primary GIS. The correspondence of the inflow profiles of further GIS
should be ensured by the correct distribution of the initial gas reserves
across the layers inside the operational facility. Further, while maintaining
the balance of the inflow profile, the formation pressure and the water
advance front are adjusted by iteratively changing the volume and intensity
of the aquifer and the pore volume.

Conclusions. The algorithm for history matching of a multi-layer model, in which several
layers are developed by a single grid of wells, should begin with adapting
the inflow profile to the initial date. Further redistribution of the production
profile should occur iteratively due to the balance of reserves of deposits,
volume and intensity of the aquifer, while taking into account the front
of the advance of reservoir waters based on the results of observations
on the well stock. Adjusting the inflow profile by changing kh is not
recommended, since changing the inflow profile over time is most often
not the function of kh. At the same time, it is necessary to take into account
the mutual influence of the above parameters of one formation on all other
layers inside the operational facility.

Keywords: history matching of reservoir simulation, multi-layer object, unified grid of
wells, reservoir pressure, aquifer, inflow profile
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BeBepeHue

C pa3BuUTHEM IIPOTPAMMHOTO 00ECIICUEHHsI K MOIIIHOC-
Tell BBIYUCIUTENBHON TEXHUKU T'HJIPOJANHAMHYECKOE MOJEIMPOBaHHE
npuoOpeTaeT Bce 0oJjiee BaKHOE 3HAYCHHE B pa3pabOTKE MECTOPOXKIe-
Huil. Haubonee TpyJoeMKHUM 3TaroM SIBISIETCS aJanTalys MOJEIH Ha
ucTopudeckue JaHHble. HacTpoeHHas ¢ AOCTaTOYHOM CTENEHbIO TOY-
HOCTH Ha HUCTOPHUIO Pa3padOTKHU THIPOAMHAMUYECKAs MOENb CIIYKUT
HaJEe)KHBIM MHCTPYMEHTOM JUJIsl pacdeTa IMPOTHO3HBIX [10Ka3aTesel pas-
pabOTKHU MECTOPOXKICHHUS.

Hactpoiika (aganTamusi) MHOTOIIJIACTOBOM MOJIENIH, B KOTOPOM
HECKOJIBKO TJIAaCTOB OOBEIUHEHBI B OJUH OOBEKT M pa3paldaThIBAIOT-
Csl €IMHOM CeTKOM CKBa)kKMH, OCJIO)KHEHA B3aMMHBIM BIIMSHHUEM Iapa-
MeTpOB (TIOPOBBIA 00BEM, 00bEM W WHTEHCHBHOCTHh akBH]epa, Mmpo-
HULIAEMOCTh, MPOAYKTUBHOCTh) Ha IIJJACTOBOE JABJIIEHUE, paclpese-
JeHue N00BIYU C IKCIUIyaTHUPYEMbIX IJIACTOB, MPOJBHKEHUE (QPOHTA
nacToBoil Bojbl. KoppekTupoBka J1ir000ro U3 HacTpauBaeMbIX Mapa-
METPOB OJTHOTO IJIacTa BIEUET 3a CO00I M3MEHEHNE KOHTPOIUPYEMBIX
apamMeTpOB BCEX CBSA3AHHBIX IUIACTOB. DTO CBSI3aHO KaK C Iepepact-
peneneHneM A00BIYH C IIACTOB, TAK M C U3MEHEHHEM PEXUMOB pabo-
ThI 3aJI€KEHU.

Marepuans! u metoabl

umccnepoBaHum

Ha pucynke 1 npencrasieHa Moaenb HU)KHEMEIOBBIX
ra30KOHJEHCATHBIX 3alieskeid HpimnHCcKoro yyactka MeBexXxbero MecTo-
POXKIICHHSI, KOTOpast sIBJIsIETCSl MHOTOIIAacTOBONH. OOBEKTHI pa3paboTku
cocroAat u3 3—4 tnactoB. Kaxkaplii 00beKT pa3padaTbIBaeTCs CaMOCTOS-
TEJILHOU ceTKOM ckBakmH. Kajkmast 3aj1eKp SIBISETCS INIAaCTOBO-CBOIO-
BOI1, 0OBOIHEHHE TTPOUCXOUT B JIaT€PATHHOM HAIMPABJICHUU.

[IpuHIMI MaTepraIbHOTO OanaHca W MOJACIUPOBAaHUE HEOOXOIU-

MO paccMaTpHBaTh Kak JIBa JOMOJHSIONIMX APYT Apyra crnocoba omm-
CaHMs MOBEACHUS MECTOPOXKIeHUM. [IepBhIii METOA MOAXOAUT JI BOC-
MPOU3BEACHN UCTOPUM MOBEJAEHUS TJIacTa, YTO MO3BOJISET CTPOUTH U
aJanTUPOBATh YUCIEHHYIO MOJAENb «K MPOLIJIOMY» U 3aT€M MPOBOAUTH
pacueTsl «B OyayIliee» ¢ IeNbI0 JaIbHEUIIIeT0 TPOrHO3UPOBAHUS SIBJIC-
HUM, MPOTEKAIOIKX B Iiacte [1-6].
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Puc. 1. Pa3pe3 Kyb6a razoHachbIlWEeHHOCTU C ceBepa Ha lr Ha Ha4Yanb-

HOe COCTOsiHMe MoAenu.
Fig. 1. Section of the gas saturation cube from north to south on the
initial state of the reservoir simulation.
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Puc. 2. F'padmkn metopa P/z ans o6bekToB paspaboTku.

Fig. 2. Graphs of the P/z method for development objects.
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Ha pucynke 2 npezacrasnens! rpaduxu metoaa P/z, moctpoeHHbie
1o QaxrudeckuM aanHbIM. 1o pesynpraram ananusa rpadukoB HaOrO-
JaeTcs JeiicTBUe BOIOHAIOPHOTO pekuMa Ha 2 U 4 o0bekTe pa3paboT-
KH, YTO HEOOXOIUMO BOCTIPOU3BECTH B MOJIEININ, 4 UMEHHO MPOJIBIKEHHE
MJIACTOBBIX BOJ K TaJiepee HKCIUTyaTallMOHHBIX CKBaKUH. Takxke 1o 1aH-
HOMY METO/1y MOKHO KOCBEHHO CY/IUTh O KOJIMYECTBE JPEHUPYEMBIX 3a-
macos [8].

Ha pucynke 3 npencraBiieHbl 3Ha4€HUsI 3aMEPEHHOTO TIACTOBOTO
napiieHus ckBaxkuH 4 D0. [lpu 3amepe miacToBOro JaBjIeHUS HA CKBa-
KHUHE, padoTaromel Ha MHOTOIIIACTOBBIN OOBEKT, ONpe/eNIIeTCs 3Haue-
HUE, Ha KOTOPOE OKa3bIBAIOT BIMSHHUE BCe MEpPOPHUPOBAHHBIC TLIACTHI.
[InactoBoe naBneHUE KaxI0H 3aJ€KU MOXKET OTIMYAThCS B OOJIBIIYIO
WM MEHBIIYI0 CTOPOHY OT 3TOTO 3HaueHUs. Ecu Ha JaHHOM OOBEKTe
€CTh CKBaXXUHBI, Ha KOTOPBIX Obut BUP, u Teneps oHn paboTaroT TOINb-
KO Ha OJIMH IUIACT, TO TAKHUE CKBAXKUHBI MOTYT SIBJISITHCSA «MapKEpaMm»
IJIACTOBOTO JIABJICHUS JaHHOU 3aexHu [7].

Ha 4 oObekte TakuMu ckBakuHamu sBisiorcsa 10403, 10405,
10406 — paboraromue nocie BUP tonbko Ha mnact [1K,. JlanHbie ckBa-
JKUHBI UMEIOT CaMO€ HHM3KOE 3HAYeHHEe 3aMEPEHHOTO TIACTOBOTO J1aB-
JICHUS1, UTO CBUAETENICTBYET O TOM, uTo Ha miacte 11K, camoe Huzkoe
mIactoBoe aasiieHue Ha 4 50.

Ha ckBaxkxunax 10407 u 10408 ocHOBHBIM paOOTaIONIUM TIJIACTOM,
cornacHo III'1 ¢ ucnonb3oBaHreM pacxoaomMepa, Ha HadyaJIbHbIN MepHU-
o paspabotku Obut Ttact I1Ky. B mpomecce paspabotku oObekTa mpo-
(¢uIb MPUTOKA MOMEHSUICSA TaK, YTO OCHOBHBIM pabOTaIOLIUM IJIACTOM
naHHbIX ckBakuH ctai [1Ky. J[anHble CKBaXKMHBI UMEIOT CaAMOE BBICOKOE
3HaYEHUE 3aMEPEHHOIO IUIACTOBOIO AABJICHMS, UTO CBUAETEIIBCTBYET O
oM, uto Ha 1miaacte 11K camoe Bricokoe miactoBoe aasieHue Ha 4 D0.
Kpowme Toro, o pesynsraram ['MIC mnact [1Kg momHOCTRIO 00BOIHUIICS B
30HE MHOTUX CKBaXXMH. B COBOKYMHOCTH ¢ MH(pOpMaIHel O MIacTOBOM
JABJICHUU, MOXHO CJI€JIaTh BBIBOJ O BEICOKOM MHTEHCUBHOCTHU JCHCTBUS
3aKOHTYpPHOTO BOJOHOCHOTO ropu3oHTa Ha miuacrte 11Ky, a Takxke o cko-
POM MOJTHOM OOBOIHEHUU JAHHOTO IJIaCTa.
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Fig. 3. Actual reservoir pressure of wells 4 EO.
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PeaynbTathl MCCRefoOBaHUMA

M ux obecyxpneHue

HacrpanBaembiMu nmapaMeTrpaMu MpU afanTaluy Bbl-
CTYMAIOT: IJIACTOBOE JIaBJeHHE, (PPOHT MPOJBUIKEHUS IJIACTOBOI BOJIbI,
npoduu 10OBIYM rasa 1o Kaxmaoi ckBaxuHe Ha ocHoBanuu [1T'U ¢ uc-
M0JIb30BAaHUEM PACXOJOMeEpa.

Hactpoiika HaganpbHOTO MpOGUiIs MPUTOKA BOCIPOU3BOIUTCS IO
pesynbratam nepsuuHoro [ MC. Meronom HacTpoiiku nepBuyHbix [TUC
BbIcTymnaeT 6ananc kh mo miacram, T.K. pa3iauyune B Ha4aJbHBIX T€0JI0TH-
YECKMX 3aI1acax ra3a He OKa3bpIBACT CYIIECTBEHHOTO BIUSHUS HA HAYaJIb-
HBIX JTanax pa3paboTKH MHOTOILUIACTOBOrO 00bekTa. MckimouennemM Mo-
JKET BBICTYIIaTh U3MEHEHHNE MPOAYKTUBHOCTH UHTEPBAJIOB C LIETBIO BOC-
npousBeneHus: B Moaenu pasnuyibix ['TM u a3 dexToB BHYyTpHU cTBOINIA
CKBXUHBI (HAIpUMeEp, CHUKCHHUE MPOJYKTUBHOCTH HUKHHUX WHTEpPBa-
JIOB TUTACTOB BCJIE/ICTBHE HAKOIUICHUS KUAKOCTU Ha 3aboe). CooTBer-
ctBue npoduieit nputoka manpHedmmx ['MIC nomkHO obecreunBaThes
HE M3MEHSIEMBIM ¢ TeueHHueM BpeMeHH kh, a mpaBUIBHBIM pacripenese-
HHEM HaydaJbHBIX 3allacoB ras3a Io IJIACTaM BHYTPH HKCIUTYyaTallMOHHO-
ro oowekra. Jlanee, coxpanss O6anaHc MpoUIs NPUTOKA, TPOU3BOIUT-
Csl HACTPOMKA IJIACTOBOTO JIaBJICHHs M ()POHTA MPOABIKEHUS BOJIBI TI0-
CPEICTBOM UTEPALMOHHOTO U3MEHEHHUsI 00beMa U MHTEHCUBHOCTU aKBU-
¢depa u mopoBoro oobeMa. AITOPUTM aJaNTAlMA MHOTOILIACTOBOM MO-
JIEJIA IPEJCTABIIEH HA PUCYHKE 4.

JIns1 HaIATHOCTH HYPKE TIPUBEIECHBI IPUMEPBI OTKIIMKA KOHTPOJIN-
PYEMBIX IIapaMETPOB HA U3MEHEHUE HACTPAUBAEMBIX [1apaMETPOB.

bbutn paccunTanbl 7 BApUAHTOB:

1. HacTpoenHslif Ha HCTOPHIO pa3padOTKU

2. VYBenuuena nponyktuBHoCTh Iutacta [IKg B 2 pasza no
CpaBHEHHMIO ¢ | BapuaHTOM

3. VYMmenbieHa nponykTuBHOCTH miacta 11Ky B 2 pa3a no
CpPaBHEHMIO ¢ | BapuaHTOM

4. VYBenuueHn nopoBelii 06bem muiacta [IKg Ha 10% mo
CpaBHEHHUIO C 1 BapraHTOM

5. YMmensbitieH mopoBeiii oobeM 1iacta [1Kg Ha 10% 1o
CpaBHEHHIO ¢ | BapuaHTOM
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Fig. 4. Multi-layer reservoir simulation history matching algorithm.
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6. VYBenuuen obwveMm axBugepa miaacra I1Kg B 10 pa3 no
CPaBHEHMIO ¢ | BapuaHTOM

7. YMmenbiieH oobeM akBudepa miacra [1Kg B 10 pa3 mo
CpaBHEHHMIO ¢ | BapuaHTOM

VYBenuuenune npoaykruBHoctu miacta [1Kg npuBonut
YBEJIMYEHUIO OTOOPOB JaHHOM CKBa)KMHBI € 3TOro Iuiacra (puc. 60), u,
Kak cie/CcTBHUe, Ooliee OICTPOMY TMaICHUIO TNIACTOBOTO JaBIICHUS (pHC.
5) B 3ajeXH U MPOABMXKEHUIO (poHTA BOABI (puc. 70). YMeHbIIEHUE
MIPOAYKTUBHOCTH TIPUBOIUT K IPOTHBOIIOJIOKHBIM SIBIICHHUSIM.

YMmensblieHue mopooro oobrema miuacta [1Kg mpuBogut x yckope-
HUIO TeMIIa CHIDKEHUS JaBJICHUS B 3TOM Iuiacte (puc. 8) u 1omu 100bI-
gy ¢ 3Toro miacta (puc. 90), a Takxke 6osiee OBICTPOMY MPOABUKCHHUIO
¢ponta Bonbl (puc. 100). YBenuueHue mopoBoro o0beMa MPUBOIUT K
MIPOTUBOIIOJNIOKHBIM SIBICHUSIM.

YMmenbiienne oobema akBudepa miacra [1Kg mpuBoauT K yckope-
HUIO TEMIIa CHWDKCHUS JaBJICHUS B 3TOM Iacte (pucyHok 11) u monm
TOOBIYM ¢ 3TOTO TIacTa (PUCYHOK 120), a Takke K 3aMEJICHUIO TeMITa
npoaBmkeHus GpoHTa Bosl (pucyHok 13 0). YBenuuenue oObeMa aKBH-
(depa MPUBOIUT K MPOTUBOIIOIOKHBIM SIBICHUSIM.

Pesynprarel pacueToB MOKa3bIBAIOT, YTO YBEIMUYEHHE O0bEMa aK-
Budepa B 10 pa3 npuBOIUT K MOBBIIIEHUIO IUIACTOBOIO JIaBJICHUS Ha
0,8 %. CTonp HM3KOE MOBBIIIEHUE BEIWYUHBI P mo3Bossier omnpene-
JIUTh, YTO B HACTPOCHHOM BapHUaHTE, OTHOCUTEIHLHO KOTOPOTO IIPOU3BO-
JUJI0Ch BapbUPOBAHUE, YK€ 3aJ]aH BHICOKOTIPOIYKTUBHBIA BOJJOHOCHBIM
ropu3oHT Ha tiacte 1K, uTo He mpoTuBOpeunT Metony Matdananca P/z
(puc. 2). Ymensiienue oobeMa akBudepa B 10 pa3 NpuBOAUT K CHUXKE-
HUIO TJIACTOBOTO AaBieHus Ha 13 % 1 CHIDKEHUIO TUHAMUKY BHEIPEHUS
B 3aJIe’Kb 3aKOHTYPHOU BOJBI, YTO MPHUBOAMUT K CMEHE PeKUMa pabOThI
3aJIeXkH C YIPYTro-BOJOHANIOPHOTO HA Ta30BbIii, 4TO MPOTUBOPEUUT METO-
ny marOanaHnca P/z.
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Puc. 5. Mpumep oTKNUKa AaBneHusi Ha BapbupoBaHue npoduna npum-

Toka nnacra MK;.
Fig. 5. Example of the pressure response to the variation of the
inflow profile of the PK8 formation.
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Mpumep oTknuka gonu foGbivM rasa ¢ nnacra Ha BapbMpoBa-
Hue npodounsa nputoka nnacta lNK; (a — HacTpoeHHasa mogens,
6 — npopyktuBHocTb nnacta [K; yBenuyeHa, B — npoayKTUB-
HocTb nnacta MNK; ymeHbLlueHa).

Fig. 6. Example of the response of the share of gas production from
the reservoir to the variation of the inflow profile of the PK; formation
(a — tuned model, b — productivity of the PKg formation increased,
¢ — productivity of the PK; formation decreased).
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Mpumep oTkNukKa npoaBuXeHUs PPOHTa BoAbl HA BapbUpoOBa-
Hue npodouna nputoka nnacra lNK; (a — HacTpoeHHas moaenb,
6 — npoaykTuBHOCTb nnacta lNK; yBenuyeHa, B — NpoAyKTUB-
HocTb nnacta NK; ymeHbLleHa).

Fig. 7. Example of the response of the advance of the water front
to the variation of the inflow profile of the PKg formation (a — tuned
model, b — productivity of the PK; formation increased, ¢ — produc-
tivity of the PK; formation decreased).
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ema nnacta MNK;.
Fig. 8. Example of the pressure response to the variation of the pore
volume of the PKg formation.
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Mpumep oTknuka Aonu Ao6bluM rasa c nnacra Ha BapbupoBa-
Hue nopoBoro o6bema nnacra NK; (a — HacTpoeHHas moaens,
6 — nopoBbIt 06bem nnacta MK; yMeHbLIeH, B — NTOPOBbIA 00b-
em nnacrta [NK; yBenuyeH).

Fig. 9. Example of the response of the share of gas production from
the reservoir to the variation of the pore volume of the PK; forma-
tion (a — tuned model, b — the pore volume of the PKg formation is
reduced, c — the pore volume of the PK; formation is increased).
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Puc. 10.

Mpumep oTkNukKa npoaBuXeHUsA PpPoHTa BoAbl HA BapbUpoBa-
Hue nopoBoro oobema nnacra lNK; (a — HacTpoeHHas mogens,
6 — nopoBbIin 06beM nnacta MKz ymeHbLieH, B — NOpPOBbIA 06b-
em nnacrta MK, yBenuueH).

Fig. 10. Example of the response of the advance of the water front
to the variation of the pore volume of the PK; formation (a — tuned
model, b — the pore volume of the PK; formation is reduced, c — the
pore volume of the PKg formation is increased).
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Puc. 11. Mpumep OTKNUKa AaBreHUs HA BapbUpoBaHMe 06bema akBuU-

¢depa nnacra MNK;.
Fig. 11. Example of the pressure response to the variation of the
volume of the reservoir aquifer PKs.
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Mpumep oTkNMKa gonu Ao6bivM rasa ¢ njacrta Ha BapbupoBa-
Hue o6bema akBudepa nnacra lNK; (a — HacTpoeHHas mogensb,
6 — o6bem akBudpepa nnacra MNK; ymeHbLIEH, B — 06beM akBu-
cepa nnacta NMK; yBenuyeH).

Fig. 12. Example of the response of the share of gas production
from the reservoir to the variation of the volume of the aquifer of the
PKs formation (a — tuned model, b — the volume of the aquifer of the
PKg formation is reduced, c — the volume of the aquifer of the PKg
formation is increased).
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Puc. 13.
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Mpumep oTknNuka npoaBUXKEHUA (PpoHTa BoAbl Ha BapbupoBa-
Hue obbema akBudepa nnacra NK; (a — HacTpoeHHas moaens,
6 — 06bem akBudpepa nnacta MNK; yMeHbLIeH, B — 06beM akBu-
cdepa nnacra MNK; yBenuyen).

Fig. 13. Example of the response of the advance of the water front
to the variation of the volume of the aquifer of the PKg formation
(a — tuned model, b — the volume of the aquifer of the PKg forma-
tion is reduced, c — the volume of the aquifer of the PKg formation
is increased).
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BbiBOAbI

Takum 00pa3oM, ajdroputT™ ajganTalid MHOTOILIACTO-
BOI MOJIeJN, B KOTOPOW HECKOJIBKO IIIACTOB Pa3palaThIBAIOTCS €IMHOM
CETKOM CKBa)KWH, JODKCH HAYMHATHCS C aJlanTaiuu NpoQuis IpUTOKa
Ha HavalbHYIO nary. [lanpHeiiee nepepacnpeaeneHue mpopuis 100b1-
YH JOJKHO MPOUCXOJUTH UTEPALIMOHHO 3a cUeT OanaHca 3amacoB 3ajie-
XKel, 00beMa 1 THTEHCUBHOCTH BOJOHOCHOTO TOPU30HTA, YUNUTHIBAS TIPH
9TOM ()POHT MPOABMKEHUS IJIACTOBBIX BOJ IO pe3yJibTaraMm HaOIrofe-
Huit Ha ponae ckBakuH. HacTpoiika mpoduis mpuToka 3a cueT u3MeHe-
Hus kh He pekoMeHayeTcs, Tak Kak U3MEHEHHE PO MPUTOKA C Te-
YeHHEeM BPEMEHHU Yalle Bcero He sBiseTcs ¢ynknueit ot kh. ckmoge-
HUsAMHU BbIcTynaioT monenupoanue ['TM u sddexroB BHyTpu cTBONIA
CKBXHHBI. [Ipr 3TOM ciielyeT y4uThIBaTh B3aMMOBIIMSHHUE BBIIIIEYKa-
3aHHBIX [MapaMETPOB OJIHOTO IJIACTa HAa BCE OCTAJIbHBIE IJIACThl BHYTPU
JKCIUTYaTallMOHHOTO 00BEKTa.
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