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MpobnemaTuka ruApoAMHaAMUYECKUX UCCIEL0BaHUM
CEHOMAHCKUX CKBAXXUH B YCJIOBUAX HanNU4mus
NPOHULLAEMON NepeMbIYKH
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AHHOTaUuA

B cTaTbe NPUBOAUTCA aHANU3 Pe3yNbTaTOB rMAPOAUHAMUYECKUX uccneaoBanuin (FAN) ceHOMaHCKMX OT/IOXEHWN, BCKPbIBAIOLUXCA
ropusoHTanbHbiMu ckBaxkuHamm (FC). OcoGeHHOCTbIO pacCMaTpUBAEMOro KOJIIEKTOpa fABAAETCA Hanu4yue MpOHMLAEMON
nepemblYKW, U3HAYaNbHO NPUHATONW KaK HeKkonanekTop. OfHaKo No mepe pa3paboOTKM 3anexu BO3HUKAM NPEeANoNoXKeHUs
Ha BepoATHOe [ peHMpOoBaHMe BCEeNl ra3soHaCbILEHHOW TONLWMUHbI. ITOT (PaKT CTan OCHOBaHUEM AN NepecmoTpa pe3y/ibTaToB
nccnegoBaHuU.

Mpu BbINOAHEHUM aHANM3A MO YACTU CKBAXKUH HAabJ110AaN0Ch CHUXKEHNE NPOU3BOAHON MO KOHel, 3aMepa KPpUBOii BOCCTAHOBJIEHUSA
paBnexus (KBJ). PaHee nageHne npon3BOAHON OLLEHNBANOCh KaK UCKAXKeHUe OTKIUKA, CBA3aHHOE C anrOPpUTMaMM CriaXKMBaHUA
3aWyMneHHbIX AaHHbIX. Mpu nepecmoTtpe pesynbtatoB U Gbula BbiABAEHa BO3MOXHOCTb Gosiee C/IOXHbIX MPUYMH TaKOro
noBeJeHns, KOTOPbIMMU ABNAIOTCA aKTUBHOE BJIMAHME ra3oBoasHoro KoHTakta (FBK) mam paGota Bcero rasoHacbleHHOro
uHTepBana. 1A yTouHeHUA AaHHbIX NPEANONOXKeHUi ObINKN BbINONHEHbI pacyeTbl HA YUC/IEHHO| MOAeNN.

Mo pe3ynbTatam pacyera 6bi1M NoNyYeHbl OTKIAUKU, CX0XKUe C PaKTUYECKMMU TPU MOAENMPOBAHUM PabOoTbI BCei ra3oHaChILWEeHHOM
TONWUHBI Yepe3 MPOHULAEMYID Nepembldky 6e3 BauaHua TBK. BbinonHeHHblii aHanu3 NoATBepKAaeT paboty BTOpOro
LUUKINTA Yepe3 nepemblyKy, YTO MO3BOJINIO BHECTM KOPPEKTUPOBKU B PEXUMbI paboTbl CKBAXXUH C LeNblo NpejoTBpalLeHus
npexpaeBpemMeHHOro 06BoAHeHUA B CBA3Y ¢ nogHATMEM ypoBHA NBK. 3¢ deKT oT AaHHbIX MeponpuaTUil OLLeHUBAETCA B YBEIMYEHUN
KoHeyHoro KWUT Ha 5 %.

Matepuanbi n metozbl 1 TOPU30HTaNbHOW CKBaXMHbI C Pa3NNYHbIMU 3HaYeHNAMN

B KayecTBe MCXOAHbIX laHHbIX B CTaTbe PACCMOTPEHbI Pe3ynbTaTbl MPOHULLAEMOCTU NMEePEMbBIYKN.

nepBuYHbIX [/ CKBaXWUH CEHOMAHCKUX OTNOXEHUI. B xoae paboTbi

BbIMOJIHEH @HA/N3 1 KaTeropusauna AuarHocTuyeckmx rpamKkos KntoyeBblie cnosa

B 3aBMCHMOCTU OT BUAA OTKIMKOB U KOHCTPYKL MW CKBaXWH. [ina TMAPOAUHAMUYECKNE NCCNeJ0BaHNA, KpUBAsA BOCCTAaHOBNEHNA
NOATBEPHAEHNUSA BbIABUHYTbIX NPEANONOKEHWNI OblN BbINONHEH pacyeT AaB/ieHNsA, CEHOMaHCKMe OTNI0XEeHUA, CIOUCTbIA KONNeKTop,
Ha r’MAPOAMHAMUYECKON MOAeNV ANA BapMaHTOB BEPTUKAIbHON rOpU30HTaNbHble CKBaXWHbI
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Well test problems of Cenomanian reservoir with the presence of a permeable barrier
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Abstract

The article provides an analysis of well tests of horizontal wells producing in Cenomanian reservoir. A feature of the reservoir is the presence
of a permeable shale barrier between two layers, initially accepted as a non-collector. However, as the field was developed, assumptions arose
about the possibility of drainage of the entire gas-saturated thickness. This fact became the basis for revising the research results.

Some wells showed a drop of pressure build-up derivative. Previously, the derivative drop was assessed as a data distortion associated with
smoothing algorithms for noisy data. Reviewing of the well test results showed the possibility of more complex reasons for this behavior such
as active influence of the gas-water contact or the producing of the entire gas-saturated interval. To clarify these assumptions, there were
performed numerical simulation.

Simulation results showed responses similar to producing of the entire gas-saturated thickness through a permeable shale barrier without the
influence of the gas-water contact. The analysis results confirm the producing of the second layer through the barrier and enforce the restrictions
to the well operating conditions in order to prevent premature watering due to a rise in the level of the gas-water contact. This allows to increase
the final gas recovery factor by 5%.
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Materials and methods

As initial data, the article considers the well test results of Cenomanian

performed for cases of a vertical and horizontal well with different

reservoir. During the work, build-up log-log graphs were analyzed and

categorized depending on the type of responses and well construction.
To confirm the assumptions made, a numerical simulation was
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BeepneHune

O6beKTom wuccnefoBaHus sBAsETCA ra-
30HOCHasA 3anexb nnacra (K1, Haxoaawancs
Ha HayanbHoMm 3Tane pa3paboTku. Kak nssect-
HO, CEHOMAHCKV e OT/IOXEHNA ABNAIOTCA OAHUMU
13 KAloYeBbIX MO 3anacam Cyxoro rasa, Aobbiya
KoToporo Beaetca ¢ 60—70-x rr. XX BeKa, 4To
onpefenaer UX AOCTAaTOYHO BbICOKYIO W3yYeH-
HOCTb. OfHMM U3 KNIOYEBbIX UX CBOWCTB ABNA-
€TCA BblCOKan npoHuuaemocts (nopsaka 1 [),
obecneynBatowas BbICOKYO MPOAYKTUBHOCTb
CKBAXWH. BmecTe ¢ Tem KonneKktopbl nnacra
npeactaBneHsl  cnabocyemeHTUPOBAHHbIMM
necyaHMKamu, YTo ABNAETCA KPUTUYECKUM YCNIOo-
BMEM [/1 CYLLLeCTBEHHOr0 OrpaHnyeHuna genpec-
CUM MpKU 3KcnnyaTaumn ckBawuH. C TOUYKK 3pe-
HWA reoNorMmn aHanmM3npyemblin B AaHHOM CTaTbe
nAacT UMeeT 0COBEHHOCTb, CBA3AHHYIO C Hanu-
ynem ABYX UMKNMTOB: BepxHero MMK1-1 1 HuxHe-
ro MK1-2, pasgeneHHbix nepemblykoit (puc. 1).
Tvn 3anexun — maccuMBHas, NOACTUNAHNE BOLOM
NPOUCXOANUT MONHOCTbIO NO UuKknuty MK1-2. 31
0C06eHHOCTY GblM yYTEHbI NPU NPOEKTUPOBa-
HUKM pa3paboTKN MEeCTOPOXAEHUs, rae B Kaye-
cTBe 6a30BOro BapuaHTa C Lenblo npesynpex-
[eHNsi paHHero 06BOAHEHUA OblN0 MPUHATO
GypeHune ropr3oHTaNbHbIX CKBAXWUH B BEPXHUI
umknunt NMK1-1.

B 1o e Bpems, no AaHHbIM oT6opa
KepHa, nepemblyKa npeAcTaBieHa Mnpewu-
MyLeCTBEHHO T[AWHUCTbIMW aneBpoaUTa-
MW, 3HayeHMe MNPOHULAEMOCTU KOTOPbIX
coctaBnaer 1-10 mJl, 4T0 Ha HECKONbKO Mo-
PAAKOB HUXe N0 CPaBHEHMWIO C MPOHMLaeMOo-
CTAMM NeCYaHUCTbIX KONNEKTOPOB, B CBA3M
C YeM Npu NPOEKTUPOBAHMM pa3paboTKu
nepemblyKa Gbina NPUHATA KaK HenmpoHuLuae-
Masi 1 B reoNornyecKon MOAenmn yyntolanach
KaK Hexkonnektop. OAHaKo Temnbl MajgeHus
faBleHusA, oTMevyaemble NpU nocieaytlLlen
3KcnayaTaynun, yKasblBanum Ha BEPOATHOCTb
0XxBaTa APeHUPOBaAHMEM HUKHEro LMKAUTA.
IT0T haKT NOCNYXMWI OCHOBAHUEM [a nepe-
cmoTpa pesynbtatos IV c uenbio BbisBNEHNA
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Puc. 1. leonoeuyeckuli paspes Ha npumepe cks. XXX4
Fig. 1. Geological section using the example of well XXX4
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XapaKTepHbIX 3aKOHOMEPHOCTEN, YKa3biBalo-
W WX Ha 3TY BO3MOMXHOCTb.

Pesynbtatel I[AN

JKcnnyaTauMoHHbI hOHA XapaKTepusyercs
MONIHbIM OXBATOM WCCNe0BaHNAMU, Henocpes-
CTBEHHO KaKk nocne GypeHus, TaK W B TeYeHue
pa3paboTkyu 3anexu. Ha HECKONbKUX KycTax
6bI710 BbINONHEHO BypeHne BepTUKaNbHbIX CKBa-
HWH C LeNblo KOHTPONA 3a npoasmkeHnem MBK,
rae Takxe 6biin BbinonHeHs! [AN.

B Lenom pesynbTtathbl BbIMOJHEHHbIX UcCne-
[OBaHU MOXHO OXapaKTepn3oBaTb KaK KOHAW-
LL{MOHHbIE — MO BCEM CKBaXMHaM bbiau nonyye-
Hbl OTK/IMKM Ha paAvanbHbli Pexum TeyeHus,
4TO MO3BONIMNO AOCTOBEPHO OLEHWUTb napame-
TPbl CUCTEMbI «MAACT-CKBaXMHa». OfHAKO WH-
TepnpeTtauns TakUX UCCNefoBaHUA OCNOXHeHa
ABYMA K/OYEBbIMK Npobaemamu, BAUAIOLWUMU
Ha TOYHOCTb OMpejeneHnin: 3HaYUTeNbHON 3a-
LWYMAEHHOCTbIO JaHHbIX AaBNEHNUsA N Heonpese-
NEeHHOCTbIO MO PEHVNPYEMOi TONLLKHE.

3alWymNeHHOCTb AaHHbIX AaBlieHnA

[laHHas npobnema ABAAETCA XapaKTepPHOW
ANA BbICOKOMPOHMLAEMbIX NiacToB, 3Kcnaya-
TUPYIOLWMXCA Ha HEBbICOKUX Aenpeccuax, 4to
onpefenaeT HeBbICOKME TeMMbl NpUpocCTa AaB-
NeHnA Ha KoHe4yHoM nepuoge 3anucu KB/, co-
cTassowme nopsaxka 0,05 6ap B cytku. Mpu
3TOM perncrTpaumna faHHbIX AaBAeHNA, KaK npa-
BUNO, Beaetcs npubopamu ¢ Nbe3opesncTus-
HbIMW AATYMKAMU C pa3pelsatollein cnocobHo-
CTbto, cocTaBnswowen nopsaka 0,001 6ap, 4to
ABNAETCA HEAOCTATOYHbIM A/ 3anUCh KPUBbIX
Ha Mo34HMX 3Tanax 3amepa 6e3 3HaynUTeNbHOM
3aLWyMNEHHOCTH.

Ha pucyHke 2 npeacTaBAeH TUMUYHbIN
npumep 3anucn KBJ ¢ ncnonb3oBaHmem nbe-
30Pe3NCTUBHbIX AATYMKOB. B HMMXHEM npaBom
yrny OCHOBHOrO PUCYHKA NpejcTaBneH 06w
BWUA 3anucaHHon KB/l, Ha OCHOBHOM PUCYH-
Ke MpeAcTaBfNeH KOHEYHbI y4aCTOK KpuBOM,
rAe OTYETAUBO BbIAENAIOTCA FOPU30HTANbHbIE
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JIMHUW, COOTBETCTBYIOLME NPUPOCTY AaABNEHUA
Mo MWHVWManbHOMY MOPOry YYyBCTBUTENbHOCTU
0,001 6ap. OaHAKO B TO e Bpems OTMe4aeTcs
3allyMNIEHHOCTb AaHHbIX AaBNeHUA B npejenax
0[JHOTO BPEeMeHHOro nepuoja, coctaBnstoLLan
nopsiaka 0,02 6ap.

3allyMIeHHOCTb KPUBbLIX OKa3blBaeT BAUA-
HMe Ha Ka4yecTBO MHTepnpeTaummn aaHHbix KBA.
[narHocTnyecknii rpadunK CEHOMaHCKOM CKBa-
KUHbI, MOCTPOEHHbI 6e3 anropuTmoB crna-
XWUBaHWA, NPYMep KOTOPOro npejcTaBieH
Ha pPUCYHKe 3, XapaKTepn3yeTca CyLeCcTBEHHbIM
pa3bpocom Toyek Npou3BOAHON. AHanu3 Ta-
Koro rpacmka HEBO3MOXeH BBUAY OTCYTCTBUA
XapaKTepHbIX NPU3HAKOB NOBeJEeHNsA AaBleHUs
M WWPOKUM AMana3oHOM OMnpefeneHus «non-
ku» kh. ins npoBeaeHus nHTepnpeTtaymmn Heob-
X0AMMO Npuberatb K CrnaxnBaHMIO C BbICOKUM
3HayeHMem WHTepBana AuddepeHumnaymm.
Ha pucyHke 36 KpnBas CTaHOBUTCA BO3MOXKHOM
LNA WHTepnpeTauuy npu 3HayeHWU UHTepBa-
na crnaxusanua 0,6. B cBot oyepeppb, crna-
XUBaHUe ¢ uHTepsanom bonee 0,25 sBnsercs
KPUTUYECKMUM C TOYKU 3peHns UCKaweHus dak-
Tyeckoro noseaeHus [1]. Kpome Toro, nocne
CrNayunBaHNA 3allyMieHHble KPUBble 3a4acTyio
XapaKTepusylTca CKaykamu Npov3BOAHOWN
BBEPX WM BHW3 Ha KOHEYHOM 3Tane 3amepa
KB/, ut0 06YyC/IOBNEHO anropuTMamm Criaamu-
BaHUA U 3a4acTyld NMPUHUMAETCA NNacToBbIMU
WHXEHepamMu KaK BAusHMe rpaHul niacta [1, 2],
4TO HabnlofaeTca Ha Npumepe pucyHka 36.

[aHHas npobnema MoxeT ObiTb pelleHa
ncnonb3oBaHnem npubOPOB C KBapLeBbIMU
faTyvKamu, 4TO TMOATBepXkaaeTcs pesynbTa-
TOM TECTOBbIX 3aMEPOB Ha OJHOW W3 CKBaXWH
nnacta MK1. Kak BMAHO M3 puUCyHKa 4a, xa-
paKkTep MpoW3BOAHON [aBNEHWUA MO AaHHbIM
KBapLEeBOro AatyuMKa Ierko CYUTbIBAEeTCA flaxe
6e3 anroputma CraaxuBaHusa KpUBbIX, a Npu
ero npumerHenun (puc. 46) xapakrepusyercs
OTCYTCTBMEM BUAMMbIX U3MEHEHWI B MOBeAe-
HWM faBneHus. B uenom mo conocTaBneHuto
CO CrNaxeHHOW KPMBOW Nbe30pe3nCTUBHOTO
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Puc. 2. lMpumep 3awymneHHocmu 0aHHbIX dasaeHus npu 3anucu KB/
Fig. 2. Example of noisy pressure data when recording pressure
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[aTyMKa OTMEYaeTCA OTCYTCTBME (AYKTyaLuit
NPOU3BOJHOM U PE3KNX CKAYKOB HAa KOHEYHOI
yacT 3amepa. 3aKOHOMEPHbIM AB/IAETCA BbIBOJ,
0 TOM, YTO TOJIbKO MO NOKa3aHUAM KBapLesoro
MaHOMeTpa MOMHO CyAUTb O (haKTUYECKOM Xa-
paKTepe OTKAWKA AaBneHWA. VX npumeHeHne
BO3MOMHO B KayecTBe pa3oBblX UCCNeN0BaHNI
Ha NPUOPUTETHBIX CKBAXWUHAX, Pe3ynbTaThl UC-
CNIe[I0BAHUA HA KOTOPbIX BIUSIOT HA OLLEHKY 3a-
nacoe 1 3(HEKTUBHOCTM CUCTEMbI pa3paboTu
(rpaHnubl nnacta, BAWAHMA HEOAHOPOAHOCTU
cpeabl n ap.).

HeonpepaeneHHOCTb N0 ApeHUpPyeMOi
TonwmnHe

Kak u3BecTHo, «nepBUYHbIMY» NapameTpomM,
onpegensembim no gavHoim KBJ, Asnserca
nposoanmoctb nnacra kh. ToyHocTb oueHKM
TONLLVHBI, B CBOO O4epefib, BANAET Ha TOYHOCTb
onpeAeneHna NPOHULLAEMOCTU, Ha KOTOpYio,
B CBOIO OYepefb, 3aBA3aHbl pacyeTbl 0CTaNbHbIX
napameTpoB CKBaXMHbl. B To Bpema Kak B Bep-
TUKaNbHbIX CKBAXMHAX PeHNpPYeMble TOMLLUHbI
onpefenalTcsA, Kak npaBuao, NpocTo, C y4eTom
AaHHbIX reou3nyecKnx UccnefoBaHuii n BTO-
pUYHOro BCKpbITUA nepdopauunein. [na oueH-
KW oTCcnexuBaHua ypoBHA noabema [BK
BepTMKanbHble CKBaXWHbI nnacta K1 nep-
dopupoBanncb He Ha nonHyio 3ddeKkTns-
HYI0O Tra3oHacbllWeHHY0 TONLWMHY, a TONbKO
ambo no nepsomy, 1M60 N0 BTOPOMY LMKIMTY.
[na nepsoro cnyyasa 3ddeKTBHAA TOMWMHA
onpejenanacb No TO/NLWMHE NEPBOro LUMUKAWTA,
ANA BTOPOro ciyyas — MO rasoHacCbILEHHOW
TONLLMHE BTOPOTO LMKAUTa.

B I'C oueHKa ApeHnpyembix TONLWMH «Nps-
MbIMWU» MeTOaMU HeBO3MOXHa. [ina peleHus
AaHHOI Npo6iembl BO3MOXHO MCNO/b30BaHNe
3D ruapoAnMHamuyeckon mopenu. TonwmHbl
onpeAenAnncb nyTemMm CyMMUPOBAHUA BCeX -
APOAMHAMNYECKN CBA3AHHBIX CNIOEB KOJNEKTO-
pa no paspesy, BCKPbITbIX CTBOJIOM CKBAXUHbI.
Bnocneactsum, npu yTBepHAeHUN 06HOBNEHHOI
reonoruyeckon mogenu, Gbina npousseneHa

nepeoleHKa gpeHupyemblX TONWNH U nepenH-
Tepnpertayua AaHHbIX nccneaoBsaHus.

OueHka Bauanusa NBK

Mpn Hanuuuu npoHMLaemMon MNepemblyKu
npeanonaranack peakuua KBJ Ha Hanvnyue B no-
Aowse BToporo uuknuta MBK, kotopbiii 6bl Npo-
ABUMICA KaK rpaHuua NoCTOAHHOro AaBneHus
¥ BbI3BaN najeHue NpousBOAHON B Hynb [3].
Mo AaHHbIM aHanuTUM4Yeckoro amsainHa KB/, Ha-
yano BanaHua NBK oueHnsanock ¢ neBoro yaca
3amepa. lpun 3tom no Bcem 3anucaHHbim KBJ
nofo6Horo noseseHUs He Habntoganocs. Ha pu-
CyHKe 5a npepcTaBneH rpaduk tunoson KB/
ana [C: paHHe-paavanbHbIi PEXUM CKPbIT
BAMAHMEM CTBONA CKBaMWHbl U CKUH-
takropa go 0,01 4., 3aTem oTMeyaercs pabora
rOpWU30HTaNbHOrO CTBONMA B Nepuoj Ao 1 4. 3a-
Mepa C nNocneylMm BbIX0OJ0M Ha No3aHe-pa-
ANanbHbIN pexnm. Takxke CTOUTb OTMETUTb, YTO
no pAAY CKBaXWH (UKCMPOBANUCHL Hecylle-
CTBEHHbIE CHVXEHNA NPOU3BOAHOW B KOHEYHOM
yacTu 3amepa, KoTopble 6blIN MPUHATBI KaK pe-
3yNbTaT CyWeCTBEHHOro CriaXunBaHua 3awym-
NeHHbIX AaHHbIX AaBleHUA.

Mo utoram 6onee nogpobHoro aHanusa
BbIABUIOCH MPOTUBOpEYMe MexXay AaHHbIM
npeanofnoxeHviem n pesynbtatam 3amepa KB/
BEPTUKA/NbHbIX CKBAXWUH, MArHOCTUYECKUE rpa-
(VKM KOTOPbIX NpeAcTaBieHbl Ha pUcyHKe 56.
CKBaXmHbI XX2 1 XX9, BcKpbiatowme nnact MK-1
BO BTOPOM LIMKINTE U B HEMOCPEACTBEHHOW CBA-
31 B6m3n IBK, nokasbiBaloT paboty B ycnoBuUsx
OTCYTCTBMA BAUAHUA AKTUBHOW MOJOLWBEHHOWN
BO/lbl, aHANOTMYHO CKBAXMHAM, BCKPbIBAKOLUM
BEPXHUI LUKAWUT. B nepsylo ovepeab AaHHOe
ABNEHNE BO3MOXHO OOBACHUTL CYLLECTBEH-
HOW pasHuLEeN MexAy NOABWMXHOCTbIO BOAbI
1 rasa, B CBA3M C YeM Hanuyue NojoLWBEHHON
BO/Abl MPOABAAETCA aHANOTMYHO eCTeCTBEHHON
HenpoHuuaemoil rpaHule. Takum obpasom,
ana TC Hanuyve npoHMLAEeMON NepemblYKu
HEe LOMKHO 0TO6Pa3nNTLCA KaK nageHue npoms-
BOZHOW 0 HyndA. Mo BC Ha BO3MOXHbIN 0xBaT

T T T T T T T T T T T T T T

T
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ApeHupoBaHvem Bcer 3PHEKTUBHON TONLLUHbI
Yyepes nepemblyKy yKasbiBaeT Hanunume chepu-
YeCKOro TeyeHua No ckBawuHam XX5 n XX10,
4TO ABNAETCA CNEACTBMEM HEBOMBLIOro MHTEP-
Bana nepgopawunm, BCKPbIBaIoOLLEro CyL|eCcTBEH-
HO 6GoMblyl TOAWMHY (MPU3HAK «4aCTUYHOTO
BCKpbITUAY) [3].

[na npoBepKM pAaHHOro yTBEPXAEHUA
6biN0 BbIMOAHEHO YWCAEHHOE MOAENUpoBa-
Hue KB[ ckBaxuHbl XX2 B MO «Kappa Rubis»
Mogenb npepcraBneHa 4YepefoBaHMEM C0OeB
KONNEKTopa W HEeKOoNJeKTopa COriacHo pe-
3ynbTataM UHTepnpeTaunn reo@usnyeckunx
nccnegosanuii (PUrMNC), no kotopbim 3aaasa-
NNCb 3HaYeHWs NPOHWLAeMOCTell M BOAOHA-
CbILLEHHOCTU Ans CNoeB Konnektopa (puc. 6a).
C uenbto oueHkn vyscTeutenbHoctn KB/ K npo-
HMWL,AeMOCT MepemMblYKU pacyeTbl MPOU3BO-
AUANCE HA TPU 3Ha4YeHWa MNPOHULLAEMOCTH:
1mA, 10 m4 v 25 m[1. Ansa oueHku BanaHua NBK
6bIN0 BbINONHEHO fBa BapuaHTa pacyeta: 6e3
aKkBudepa u € aKTMBHbIM aKBU(EpPOM B NOAO-
LIBE HUXHEro LMKAunTa.

Pe3synbTaTbl pacyeta ans BapuaHta 6es snu-
AHMA akBuepa npejcTaBieHbl HA PUCYHKe 7.
/13 pucyHka BUAHO, YTO B YCNOBUAX Yepepayto-
WKXCA HU3KO- M BbICOKOMPOHMLAEMOro Mnpo-
nnactkoB 6e3 BAUAHUA akBudepa BUA Npous-
BoAHoM KB/l umeeT BUA aHAaNUTUYECKOM MOAENN
ABOVIHOM NPOHWLLAEMOCTU U NpOABNAeTCA KakK
nporm6 NponW3BOAHOI Ha CPefHEM 3Tane 3ame-
pa. Bapuauus npoHmLaeMocTvi nepembl4YKn Npu
3TOM MOKa3blBaET, YTO YEM HIKE 3HaYeHne, Tem
no3)e HacTynaer v AoNblue [AMTCA peaKkuua
1 Tem 6onee rnybokuit hopmupyetcs nporub.
B Lenom MOXHO OTMeTUTb, 4To B Habniogae-
MbIX AManasoHax MPOHULAEMOCTV NepemblyYKu
nporn6 ABNAETCA OTHOCUTENbHO Herny6oKum
M Nerko MOXeT 6biTb 3allymneH Npu 3anucu
AaB/IeHNA, YTO 1 OTMeYaeTcs Npu GaKTUyecKon
peructpaunn KBJ.

B cnyyae aktusHoro aksuctepa (puc. 8)
NPOHULAEMOCTb MEPEMbIYKM B 3afaHHbIX Ana-
nasoHax He BAMAET 3HaYMTENbHO Ha xapakTtep
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Puc. 3. llpumep duazHocmuyeckozo epaguka 3awymneHHol KB/
CeHOMAHCKOU CKBAMCUHbBI: @ — 2paguk b6e3 c2naiusaHus;

6 — 2pacpuk co cenaxcusaruem 0,6

Fig. 3. An example of a diagnostic graph of a noisy pressure build-
up curve in a cenomanian well: a — graph without smoothing;

6 — graph with smoothing 0,6
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Puc. 4. ConocmasneHue duazHocmuyeckux epagukos KB/ no daHHbim
das/ieHuli Nbe30Pe3UCMUBHO20 U KBAPLeB8020 MGHOMeMmpOos:

a — epaguk 6e3 canaxusarHus; 6 — epaguk co canaxcusaruem 0,4
Fig. 4. Comparison of diagnostic pressure build-up graphs based

on pressure data from piezoresistive and quartz pressure gauges:

a — graph without smoothing; 6 — graph with smoothing 0,4
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Puc. 5. luazHocmuyeckue epapuku cksaxcud naacma [1K1: a — I'C;
6 —BC

Fig. 5. Diagnostic graphs of wells of the PK1 formation: a — horizontal
well; 6 — vertical well

[ xonnexrop [l nepembiuka == nepdopauus

Puc. 6. Cxema pa3pesa u 8Bckpbimus cksaxcuHamu naacma 1K1 npu
nposedeHuu 2udpoOUHAMUYECKUX pacdemos: a — ckaaxcuHa XX2; 6 — IC
Fig. 6. Scheme of the section and well penetration of the PK1 formation
during hydrodynamic calculations: a — well XX2; 6 — horizontal well
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Puc. 7. luaeHocmuyeckuli epagpuk KB/ no pezynsmamam yucneHHo20 Modenuposarus cks. XX2 6e3 snusaHus aksugepa:

a — npoHuyaemocms nepembiyku 1 mf; 6 — npoHuyaemocms nepembidku 10 mf; 8 — npoHuUyaemocms nepemblyku 25 m/

fig. 7. Diagnostic graph of pressure build-up curve based on the results of numerical modeling of a well. XX2 without the influence of the aquifer:
a — permeability of the bridge 1 mD; 6 — permeability of the bridge 10 mD; 8 — permeability of the jumper 25 mD

Bpems, 4
mmm  NPOHMLAEMOCTb NEPeMbIYKN 1 M/}
= POHNLAEMOCTb NEpembluKi 10 M7,
=== IPOHMLAEMOCTb NePembluKn 25 M/

Puc. 8. luazHocmuyeckuli epacpuk KB/
no pesysbmamam YUuca1eHHo20 MoOenUpPOBaHUA
cks. XX2 c srusaHuem aksugepa

Fig. 8. Diagnostic graph of pressure build-up curve

based on the results of numerical modeling
of a well XX2 with aquifer influence

nosejeHna npousBofHoOW. [lna BapuaHTa
C npoHuuaemoctbio 1 m[, Habnwogaerca nepe-
XOAHbIN npouecc B MHTepBane 20-100 4., 4yTo
CBA3aHO C MOCTEMEHHbIM OXBAaTOM BCEW raso-
HaCblWEHHON ToNWMHbI Ha (hoHe 6onee paHHe-
ro npusHaka BnauaHuA akBudepa. OyeBuaHO,
yTo MO pesynbTatam pacyeTtos 6onee GAU3KUM
K (aKTnyeckomy sBnseTcs OTKAUK 6e3 Baus-
HWs akBuepa. ITo NO3BONAET CAeNaTh BbIBOJ
0 TOM, YTO B Hallem ciyyae Haanyme NoAOLWBEH-
HOW BOAbI B YCNOBMAX BbICOKOMPOHMULLAEMOTO
rasoHacblleHHOro nnacta NpoABAAETCA Kak
eCcTeCcTBeHHas HempoHuLLaemasn rpaHmua.

BTopbim 3Tanom sABnAnacb oueHKa BAWA-
HUA MHOrOCNOMHOrO KON/JEeKTOpa Ha AaHHble
KB/ B I'C. ina pacyeToB Mcnonb3oBanachb aHa-
NOrNYHan CKBaxumHe XX2 mofenb nnacra ¢ aHa-
NOTUYHbIMK BapuaHTamu pacyera. Bckpbitue ro-
PV30HTaNnbHbIM CTBOJIOM MPOU3BOANIOCH TONBKO
B BEpXHEM LuKnuTe (puc. 66). PesynbTathl pac-
yeta npepjcrasieHbl Ha pucyHke 9. Mpu otcyT-
CTBUMW BNMAHUA aKkBUepa Ha JMarHOCTUYECKOM
rpaduke KBJ, MOXHO BbIAENUTb HECKObKO
XapaKTepHbIX Yy4acCTKOB: POCT MPOU3BOALHOW,
cBsi3aHHbIN ¢ paboToit I'C, no3aHe-paamnanbHbIi
PeXUM B BEPXHEM LMKANTE, MePexoAHbIv npo-
uecc u GopmmnpoBaHmne BTOPOro ropu3oHTaNb-
HOrO0 y4yacTKa, yKa3blBaloLero Ha NoJiHbI 0XBaT
NpeHNpPOBaHMeM BCEro MpPOAYKTUBHOrO UHTEp-
Bana. Bapuauusa npoHULaemMoCTblo Nepembly-
KW BAUAET Ha Bpema GopMUpPOBaHNA NepBOro
rOpM30HTaNbHOrO y4yacTKa, ero AJuTenbHOCTb,
a TaKe ANNTeNbHOCTb MEPEXOAHOr0 Nepuoaa.
Mpun npoHnuyaemocTn nepemblukn B 1 M/l BbIxof,
Ha BTOPOW rOPU30HTaNbHbIN Y4aCTOK NPOUCXO-
avt cnycta 1 000 yacos 3amepa.
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Puc. 9. fluaeHocmuyeckull epagpuk KB/ no pe3ynsmamam 4ucieHHo20 MoOenuposaHus
cks. ['C: a — 6e3 aksughepa; 6 — c aksugpepom
Fig. 9. Diagnostic graph of pressure build-up curve based on the results of numerical

B cnyyae akTBHOrO akBudepa no pesynb-
Tatam pacyeta Habnopaetcs nageHue npo-
M3BOAHOWN A0 HynA, AnAlleeca OT ABYX A0 Tpex
norapmbmMnuyeckux nepuofoB B 3aBUCMMOCTU
OT NpoHULaeMocTV nepembliyku. Mpu yBennye-
HWUM NPOHMLAemMoCTV Habnogaetcs 6onee paH-
HAf peakuus Ha BAMAHWe akBudepa c bonee
BbICOKMM TEMMOM NafleHNA NPOVN3BOLHOMN.

B ycnoBuax orpaHn4yeHHOro BpemMeHu 3a-
Mepa BO3MOXHA perucrpauus TONbKO Hayanb-
HOTO y4yacTKa CHUXEHWUA NMPOU3BOAHOW, B CBA3MN
C YeM OTK/IMK Ha NOAK/IIYEHNe BTOPOTO LMKAUTa
1 Ha BAVAHUA akBUdepa ABNAETCA NPaKTUYECKU
NAEHTUYHBIM. [103TOMY NonyyYeHre HayanbHOro
yyacTKa CO CHMXEHWEeM NPOW3BOAHOW He no-
3BONNT CAenatb BbIBOJ O XapaKtepe BAUAHUA
BK. OaHaKo B Hallem c/iy4ae aKTMBHOE BAUA-
Hue MBK BO3MOXHO MCKNOYUTL pe3ynbTatamu
aHanusza KBJ[J B BepTMKaNbHbIX CKBaXMWHax,
BCKPbIBLWKX NAACT B HENOCPEACTBEHHOW 61130-
CTU OT KOHTaKTa. TwartenbHblii aHanu3 nccnepo-
BaHWIM NOKa3as, Y4To MPU3HAKMN CHVKEHUA Npo-
MN3BOJHOW XapaKTepu3ylTCA AJUTEeNbHOCTbIO,
60/ee xapaKTepHom ans nnactoebix 3hdexTos,
Yyem ANA YPE3MEPHOro CrnayXuBaHWUA KPUBBIX.
370 no3BonAeT cAenatb BbIBOAbI O NOAYYEHUU
OTK/NMKa Ha paboTy BTOPOTO LMKAUTA NO pe3yb-
TaTam MccnesoBaHni.

MoaknioyeHne B paboTy BTOPOro LMKAU-
Ta 4Yepes NpoHMLAEMyl0 NepemblyKy co3jaer
yrpo3y ana noaHatua BK no mepe napeHwua
nnacTtoBoro AassieHus. MonyyeHHas no pesynb-
Tatam pabotbl MHboOpmayus no3sonuT usbe-
aTb NpexAeBpeMeHHOro o6BOAHEHMA CKBa-
YKUH 3@ CYET KOPPEKTUPOBKN PEXUMOB paboTbl
CKBa¥WH 1 6onee TWaTeNbHOr0 MOHUTOPUHTA

modeling of a horizontal well: a — without aquifer; 6 — with aquifer

ypoBHs TBK. Takum obpaszom, 3chdeKT oT BblI-
NONHEHHON paboTbl 3aKNo4YaeTca B AOCTUNHeE-
Hum nnaHooro KWT. Ha pucyHke 10 npuseseHo
conocTaBneHune npoduneint fobbluM rasa, pac-
CYMTAHHBIX HA MOAHOMACLWTABHON TMAPOAM-
Hamuyeckoi mopenn Ans 6a3oBOro BapuaHTa
1 BapuaHTa C orpaHmyeHmem paboTbl CKBAXWH
C Uuenbio npeaynpexaeHns paHHen 06BOAHEH-
HocTW. PasHuua no KU mexay pacyetamu co-
CTaBnAeT 0KoNo 5 %.

[ns NpUOpUTETHLIX CKBAXMWH 6e3 npusHa-
KOB MOAK/IIOYEHNUs B paboTy BTOPOro LUKWTa,
pe3ynbTaThl UCCNEA0BAHUA Ha KOTOPBIX BAUAIOT
Ha OLeHKy 3anacoB 1 3t HEKTUBHOCTM CUCTEMDI
pa3pabotku, Gbina paspaboTaHa mporpamma
no NnpoBeAeHunto AnnTenbHbix 3amepos KB/, ¢ nc-
nonb30BaHWEM KBapLeBbix MaHOMETPOB. Takue
nccnefoBaHWA NO3BOMAT YCTPAHUTL MCKaxato-
lee BAMAHME 3allyMIeHNS AaHHbIX U NPOu3Be-
CTV OLEHKY NMPOHMLAEMOCTV MepeMblyKMn, HYTO
MO3BO/IUT BHECTU KOPPEKTUPOBKM B FMAPOAU-
HaMU4YeCcKoN MOAeNu Ans NoBbILEHUA KayecTBa
ee MpPOrHo30B.

Utoru

B xoae pabotbl 6bin BbinonHeH pacyet KB/ Ha
TMAPOAMHAMUYECKON MOAEeNu Ans BapuaHTOB
BEPTUKANbHOMW W TOPU3OHTANbHOW CKBAXWHbI
CO 3HAYeHWAMU MPOHULAEMOCTU NepemblyKu:
1mA, 10 m4 un 25 mJ. Ana oueHkn Bamanma NBK
paccMoTpeHbl BapuaHTbl pacyeTa: 6e3 BamaHus
aKkBudepa 1 ¢ aKTUBHbIM BAUAHMEM akBUdepa.
Mo pesynbtatam pacuyetos ans BC 6e3 Bnus-
HUA akBU(epa OTMeYaeTcAa CXOXKEeCTb MoBeje-
HWA MPOU3BOAHOW C aHAAUTUYECKON MOAENbIo
[IBOVIHON NpoHMLLaemocTn. B paccmatpuBaembix
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AvanasoHax NPOHWLLAeMOCT Nepembl4Kn Mnpo-
M6 NpPOM3BOAHON ABNAETCA He3HAYMUTENbHbIM
1 MOXET BbITb CKPBIT Wymamu. B cnydyae aktus-
Horo akeudepa NPOUCXOAWUT pe3Koe NajeHune
NpOW3BOAHOW, Yyero He Habnofaetcs no dakTn-
YeCKMUM fAaHHbIM 3amepoB Ha BC. Takum obpa-
30M, 6onee 61M3KUM K haKTUYeCKOMY ABAAETCA
OTKNWK 63 BAUAHMA akBubepa.
fmapoanHamunyeckoe mogenuposanue C no-
Kasano CXOXecCTb MOBEAeHUA NPOU3BOAHBIX
Ha HayaNbHOM 3Tane BapuaHTa C BAUAHMEM
akBucepa v 6e3 Hero. B ycnoBusax orpaHuyeH-
HOro BpemeHW (aKTU4YecKoro ucciefoBaHua
He NpejCcTaBNAETCA BO3MOXHbIM OnpejeneHune
MPUYMH CHUXEHUA MPOU3BOAHON Ha KOHey-
Hom yyacTke KB/. OfHaKo aKTuBHOe BAUAHME
aKkBudepa WCKIKYalOT pesynbTaThl aHanu3a
KB/, B BC, BCKpbIBLUMX NNACT B HENOCPEACTBEH-
HOM BN1130CTH OT KOHTaKTa.

BbiBOAbI

e OpHOM M3 KiYeBbIX Npobnem nHTEpnpe-
Taumn KBJl ceHOMaHCKMUX CKBaXWH ABNA-
eTCA BbICOKAA 3alyMIEeHHOCTb [aHHbIX
AaBNeHWA, He NO3BONAIOLWAA OAHO3HAYHO
pacno3HaBaTb XxapaKTep 3aperncTpupoBaH-
HbIX OTKNINKOB.

e BcKpbITWe nnacta ropM3oHTanbHbIMK CTBO-
namm B YCNOBUAX HeOMNpefeNeHHOCTH
no xapaktepy u paboTe paspesa oKasbl-
BaeT B/MAHME Ha KayecTBO pe3ynbTaToB
MHTepnpeTaymu.

e YT04HWUTbXapakTep pabotbl paspesaslCcra-
110 BO3MOXHbIM NyTEM CPaBHUTENbHOTO aHa-
nu3a pesynbtatos KB[] B BepTUKanbHbIX
CKBaXMHax. [lpoBefeHne YUCNEHHOTO ru-
APOAMHAMWUYECKOTO MOAENMPOBaHUA C Ba-
puaunen CBOMCTB MPOAYKTUBHOrO nnacra
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Puc. 10. ConocmasneHue npogpuneli 0obbi4u 2a3a 0414 yeneso20 8apUAHMA U BapuaHma

¢ npexcoespemeHHbIM BbIGbIMUEM CKBANMCUH CO CHUXCEeHUeM Npou3sodHol dasneHus

Fig. 10. Comparison of gas production profiles for the target option and the option with premature
retirement of wells with a decrease in pressure derivative

MO3BOMIMIO NEpPecMOTpeTb paHee cAenaH-
Hble BbIBOAbI O XapaKTepe OTKIMKOB U OXBa-
Te ApeHnpoBaHua no paspesy B [C.

e lloaTBepxkaeHne paboTbl BTOPOro LMUKAUTA
no pesynbtatam 1N no3sonuno nepecmo-
TPeTb ONTUMaNbHyI0 CTpaTernio pa3paboTku
1 BHECTU OrpaHuMyeHus B paboTy CKBAXUH
C Uuenblo MpefoTBpalleHWa npexaespe-
MeHHOro o6BoaHeHus. IdeKT OT AaHHbIX
MEepOonpuATAIA OLeHNBAETCA B YBENUYEHUN
KoHeyHoro KUT Ha 5 %.
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Results

In the course of the work, the pressure build-up was calculated using
a numerical model for vertical and horizontal well options with barrier
permeability values: 1 mD, 10 mD and 25 mD. To assess the influence of
the gas-water contact, two simulation options were considered: without
the influence of the aquifer and with the active influence of the aquifer.
Based on the simulation results for a vertical well without the influence of
an aquifer, the behavior of the derivative is similar to the analytical model
of double permeability. In the considered ranges of barrier permeability,
the deflection of the derivative is insignificant and can be hidden by
noise. In the case of an active aquifer, a swift drop of the derivative
occurs, which is not observed according to actual measurement data on
vertical wells. Thus, the response without the influence of the aquifer is
closer to the actual one.

Simulation of a horizontal well showed similarity in the behavior of
derivatives at the initial stage of the option with and without the influence
of an aquifer. In case of the limited shut-in time, it is not possible to
determine the reasons for the derivative drop in the late time period.
However, the active influence of the aquifer is excluded by the results of
pressure build-up analysis in vertical wells that penetrated the formation
in the immediate vicinity of the contact.
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Conclusions

e One of the key problems in interpreting pressure build-up from
Cenomanian reservoir is the high noise level of pressure data, which
does not allow one to unambiguously recognize the nature of the
recorded responses.

e Exploitation the reservoir by horizontal wells in case of uncertainties
of vertical drainage features affects on the quality of the interpretation
results.

e |t is possible to clarify the features vertical drainage with help
of comparative analysis of the results of pressure build-up in vertical
wells. Carrying out numerical simulation with variations in the
properties of the productive formation allowed to revise previously
made conclusions about the nature of the responses and the vertical
drainage in the horizontal well.

e Provement of the drainage of the second layer made it possible
to revise the optimal development strategy and make the restrictions
on the operation of wells in order to prevent premature watering.
The effect of these activities is in increase of the final gas recovery
factor by 5 %.

of advanced interpretation models.
Amsterdam: Elsevier, 2002, P. 171. (In Eng).
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