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AkmyanbHocmb pabomsl. 3HavumenbHas 0o pa3pabambieaeMbix HEGMSIHbIX aKMUB0B, NPUYPOYEHHbIX K KapOOHaMHbIM CIIOXHONO-
CMPOeHHBIM 06beKkmam, 3aMemHo 803pocia kak Ha meppumopuu Poccuu, mak u 8 epmckom kpae. [JocmogepHoe 3HaHue napamempos
MPEeWUHHO-NOPOB020 Muna Koniekmopa no3gonsem ymo4Hums delicmeyroujue 2eonozo-2udpoduHamuyeckue modesnu, nodobpams
PpayuUoHanbHyl cucmemy paspabomku, pezynuposamb npoueccsl paspabomku u obecneyums Ons 0aHHO20 niacma onmuMarbHble
2e0/1020-mexHuYeckue meponpusimus. pu nocmpoeHuu u adanmayuu 2e0/1020-2udpoduHaMudeckux modeneli HehmsHbIX MECMOPOX-
0Oenut, 0COBEHHO OMHOCAUUXCA K CIIOXHONOCMPOEHHbIM KapbOHamHbIM KOMITEKMOPaM, 8aXHOE 3HAYEHUE UMeem 3HaHUe Kak 20pU3OH-
maribHoUl, mak u eepmukanbHoU npoHuyaemocmu (napamempa aHusomponuu). [pu co30aHuu 2eonoeo-eudpoduHamuyeckux mModeneli
kapboHamHbIx 06bekmog mecmopoxdeHull [lepmcKozo Kpasi 3a4acmyto 8epmuKabHy NPOHUUaEeMOCMb NPUHUMAKM pagHoU HYI,
xomsi amo daneko He mak. OnpedeneHue 8epmukanbHOU NPOHUYaeMocmu (napamMempa aHu3omponuu), ee OuHaMuka Npu U3MEHEeHUU
nnacmogoeo u 3aboliHo20 OaeneHull U UCnoIb308aHuUe 8 2e0/1020-2UAPOdUHaMUYECcKUX MOOensx siensemcs akmyanbHol 3adayel, Ko-
mopasi N0380/UM NO8bICUMb Ka4ecmeo U AoCMOBEPHOCMb UCNOMb308aHUs Lugpossix Modenel A1 pacyema U npo2HO3UPO8aHUS Npo-
yecca 006bMU Heghmu.

Lens: cosepuwieHcmsosaHue 2eo020-2udpoduHamuyeckux modesnell ¢ y4emoM LCNoIb308aHUsi NOKa3amesis aHU30mponuU NPoHuyae-
mocmu.

06Bbekm: kapboHamHas haMeHcKas 3anexsb [a2apuHCKo20 MeECmopOXOeHUS!.

Memodhbi: ob6pabomka daHHbIX 2€071020-NPOMbICIOBkIX UccrnedogaHul; ucnonb3osaHue 2udpoduHamuyeckozo cumynsmopa Tempest
eepcuu 8.3.1 komnaHuu Roxar.

Pesynbmamel. [To npednoxeHHol 8 cmambe memoduke onpedeneHus napamempa aHusomponuu obpabomarbl 252 uccrnedosaHus,
npogedeHHble Ha 00bbIBAIWUX U HagHemamerbHbIX CK8aXuHax hameHcKol 3anexu azapuHckoeo mecmopoxdenus. [ns kaxdol nu-
monoeo-ghayuanbHol 30HbI NOCMPOeHa 3a8UCUMOCTb NOKa3amesis aHU30mponuu NPoHUYaemMocmu om 3aboliHoeo daeneHus. [ns npo-
2HO3UPOBAHUS U OUEHKU 3GHGHEKMUBHOCMU NPUMEHSIEMbIX 2€071020-MeXHUYECKUX Meponpusmull U mexHOM02uYeckux nokasamenel
paspabomku aemopamu cmambu MoOucbuyupogaHa 2eono20-2udpoduHamuyeckas MoOesIb C y4emom nomyYeHHbIX 3asucumocmeli 06
u3MeHeHuUU napamempa aHuzomponuu. C nomowbro ModuguyuposaHHol eudpoduHamudeckol modenu ydanoch 3Ha4UMeNbHO yiyy-
wums adanmayuto kak no 0obbisarWuM, mak U N0 HagHemamerbHbIM Ck8axuHaM. Takum 0bpa3oM, noebIcunoch kayecmso u docmo-
8epHOCMB Lughposoli Modenu chameHckoll 3anexu aeapuHcKo20 MecmopoxdeHus Ol pacyemos U NpoeHo3uposaHusi npoyecca 006b1-
yu Hegpmu.

Knroyeenie crosa:
ludpoduHamuyeckue uccrnedosaHust CK8aXUH, 8epMUKasTbHas NPOHULaeMOCMb, 20pU30HMarbHasi NPOHULAEMOCMb,
J1UmMono20-gayuanbHble 30Hbl, MOOUUYUPOBaHHas 2udpoduHamuyeckas MoOesb.

BeeaeHue OHAJBHYIO CHCTEMY pa3pabOTKHU, PETyIHpOBaTh MpPOIEC-

3HaUUTENbHAS JOMS pa3padaThiBaeMbIX HE(TAHBIX ak-  Cbl pa3paboTku 1 00ecreduTh I JaHHOTO IUIACTa Oll-

THBOB, TIPUYPOUYCHHBIX K KapOOHATHBIM CIIOKHOTIOCTPOCH-
HBIM OOBEKTaM, 3aMETHO BO3pOCTa KaK HA TEPPUTOPUH
Poccun, Tak u B Ilepmckom kpae. KapOoHaTHble croxHO-
TIOCTPOEHHBIE KOJUIEKTOPA XapaKTEePH3YIOTCS Pa3TNIHBIMU
THMAaMH IyCTOTHOCTH (TIOPBI, TPEIIMHBI, KABEPHbI), 3HAUH-
TENbHOM HEOJHOPOHOCTHIO, IEPETOKAMH (DIIFOMIOB MEX-
Jly THIIAMH yCTOT, @ TAKKE PasIMIueM MEXIY JaTepajib-
HOM W BEPTUKAILHON MPOHULIAEMOCThIO, JAHHBIE (PAKTOPHI
B 3HAYUTENHHONW MEpE BIUSIOT HA TPOIYKTUBHOCTH U TPO-
M3BOJUTEIBHOCTE JOOBIBAIOIINX CKBAXHMH M B IIEJIOM Ha
koddduiment Hedremssieuenns [1-4].  JlocroBepHoe
3HAaHHE NapamMeTpoB TPELIMHHO-TIOPOBOTO THIA KOJJIEK-
TOpa TMO3BOJNAET YTOYHUTH JCUCTBYIOLIME TE€OJIOTO-
ruapoauHamuuecknx mMonenu (I'TJIM), mogoOpath pary-
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THEMaNbHbIe Teonoro-Texaudeckue meponpustus (['TM)
[5-8].

ITpu noctpoennu u aganranuu I'T/IM HeTsHBIX Me-
CTOPOXKJICHUH, OCOOEHHO OTHOCSIIMXCS K CIIOXKHOIO-
CTPOCHHBIM KapOOHATHBIM KOJUIEKTOpaM, BaXKHOE 3HAUE-
HHE MMEeT 3HAHHME KaK IOPU3OHTAIBHOM, TaK U BEPTH-
KanpHOM IPOHMIAEMOCTH (TapaMerpa aHHW30TPOINH).
IIpu cozmanuu ITJIM kapOoHATHBIX OOBEKTOB MeCTO-
poxnenuil IlepMckoro kpas 3a4acTyl0 BEPTHKAIbHYHO
NPOHULIAEMOCTh NPUHUMAIOT PABHOW HYINIO, XOTS 3TO
nanexko He Tak [9, 10]. Jaxxe B caMbIX HH3KONPOHHI[AE-
MBIX IUTAacTaX aprIJUIHTOB, TI0 KOTOPHIM B 1a00PAaTOPHBIX
HCCIICIOBAHUSAX TIPOHUIIAEMOCTh NPAKTHUECKH OBLIA PaB-
Ha HYII0, MOXXET OBITh pPa3BUTa TPEIUHOBATOCTb, A €CIH
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CYIIECTBYET €llle M JMH30BUAHOCTb HAIUIACTOBAHHS, TO
[0 BCEMY pe3epByapy BEpPTHKAJIbHYIO MNPOHHIAEMOCTb
NPUHUMAThH paBHOW Hymo HeBepHO [11]. Ocoboe 3Haue-
HUE 3HAHHE BEPTHKAIBHOW MPOHUIAEMOCTH B YCIOBUSAX
CJI0’KHOTIOCTPOEHHOT0 KapOOHATHOTO KOJUIEKTOPA UIpaeT
IpU aKTUBHOM poiu IacToBeix Boxa [12-14]. JloGbrua
HedTH MOXkeT OBITh BRICOKOH Ha MPOTSHKEHAU HEKOTOPO-
T0 TIepuo/ia BPEMEHH, HO 3aTeM CHU3UTCS IIPH MOSBIEHUH
KOHYCa TOJIONIBEHHOH BOJIBI, KOTOPHI YacTo 00pasyercs
npu  (HOpPCUPOBAHHOW ¥ HEPAlMOHAIBHONW BBIPabOTKE
3aMacoB U HEOOOCHOBAHHBIX TEXHOJIOTHYECKHX PEXUMAX
noObIBatoIMX cKBaxkuH. IIponecc 00pa3zoBaHus KOHYCOB
[POTEKaeT HAMHOTO MHTEHCUBHEE B TPEIIMHHBIX KOJUIEK-
TOpax, WMEIONINX BEPTHKANbHBIC TPEIIMHbL, TaK Kak
UMEHHO OHU MPOCTUPAIOTCS AAJEKO BHHU3 B TOACTHIAI0O-
1K€ TIACThI, 00pa3yst IIyTU AN CO3AaHUSA KOHYCOB BOJBI.
Takum 00pa3oM, ompesiesieHNe BEPTHKATBHOH MPOHHIIA-
eMOCTH (TlapaMeTpa aHM30TPOIINH) W UCIIONB30BAHMAE €€ B
ITJIM siBnsifoTCS aKTyalbHBIMH 3aja4aMH, KOTOPBIE M03-
BOJIAT MOBBICUTH Ka4€CTBO M JOCTOBEPHOCTH HCIOJB30-
BaHUS LUQPOBBIX MoJeNell s pacdyera U MPOTHO3HPO-
BaHM TIpoliecca J00bIYH He(TH.

MeToab! onpeaeneHus napameTpa aHM30TPONMM
(BepTMKanbHOW NPOHULLAEMOCTH)

Ha ceropnsmuuil 1eHp CyLIECTBYET HECKOIBKO HpO-
MBICJIOBBIX METOZIOB, C TMOMOIIBI0 KOTOPBIX MOXHO Olle-
HHUTh BEpPTUKAIbHYIO NPOHUIAEMOCTb, HO KAXABIA H3
9THX METOJIOB UMEET CBOU MPEUMYIIECTBA U HEJOCTATKH,
KOTOpBIE MPEICTABICHBI B TAOIHIIE.

[lapaMeTp aHM30TPONMY TPOHHMIAEMOCTH B KapOOHAT-
HBIX KOJUIEKTOPaX MOXET ObITh OMpEIeNeH pasiuYHbIMU
reo(pU3nYeCKUMH, MPOMBICIOBBIME M THIPOAMHAMHYE-
CKUMH HCCNEN0BaHUAMHU cKkBakuH U mactoB ([JIN). U3y-
YeHHe KEPHOBOTO MaTephalia M Teo(U3HIecCKUe HCCIeno-
BaHMS HE MOTYT JaTh TOYHBIX 3HAHWH 00 O0COOCHHOCTSX
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IJ1acTa B CBS3M C OCOOGHHOCTAMH CaMHX HCCIEIOBAHUM.
Haunbonee pa3paboTaHHBEIME METONAMH OTIPEICICHNUS T1a-
pameTpa aHU30TPOIINH TPOHUIAEMOCTH SIBIIFOTCS METOMIBI
THJIPONPOCIYIIMBAHUS W TPACCUPOBAHHE MEUYCHBIX Be-
IIECTB, OJHAKO OHH JOCTATOYHO AJHUTENbHBIE M JOPOro-
croaume [15, 16]. MeToa TpaccupyrolUX HHAUKATOPOB
MOXET OBITh HANGKHO PEaNu30BaH HAa MO3IHEH CTaIuH
Pa3pabOTKH MECTOPOXKICHHS TIPH WHTCHCUBHOM OOBOJTHE-
HuM Tipoaykimu. Oco0oe BHUMaHKE CleyeT YAeNATh HH-
TeprpeTalyy JaHHBIX THIPOANHAMUYECKHUX UCCIIEI0BAHUI
ckBaxkut (KB/] unmu KBY) kak Haubonee pacnpocTpaHeH-
HOMY METOIy KOHTPOILL 33 Pa3paboTKON MECTOPOXKICHHI,
TIO3BOJIAIONIEMY PEIINTh OTPOMHBINA KPYT TPOH3BOICTBEH-
HBIX U Hay4yHbIX 3a1a4 [17, 18].

Onpe.qeneHMe napamMmeTpa aHU30TPONMUU NPOHULIAEMOCTU
no AaHHbIM rMapoAnHaMnU4eCcKux nccneaoBaHUM CKBAaXMH

B cratbe [19] KoJ1eKTHBOM aBTOPOB M3JIOXEHA METO-
IUKa ONpEIeNeHHs BEPTUKATBHOW IPOHHIAEMOCTH U
mapaMeTpa AaHH30TPOIMH POHUIAEMOCTH. AKTYyalb-
HOCTH JTaHHBIX PAcueTOB OYEBUIHA, MMOCKOJIBKY, C OTHOM
CTOPOHBI, IMOBBINACT MHPOPMATHBHOCTH HCCIICIOBAHHIA
CKB)XHH METOJIOM BOCCTaHOBIICHHS JIABIEHUS, C JPYroi
CTOPOHBI, TIO3BOJIICT MOTYYHTh BECHMA HEHHYI0 HHPOP-
Maruio 00 aHW30TPOIHHY IUIacTa 0e3 3aTpaT Ha MpoBeje-
HHE CIENUANIBHBIX HccnenoBaHud. Hmke mpencrapieHa
METOJMKA OIpE/eNeHNs MapaMeTpa aHM30TPONHM Ha
npuMepe ckaxuabl Ne 405 damenckoi 3anexu ['ara-
PHHCKOTO MECTOPOXKICHHSL.

1. Hcxomuas xpuBas BocctraHosienus aasienus (KB/I)
mepecTpanBaetcst B KoopamHatax — «Pug(t)-lg(t)»
(puc. 1, a). PaccmarpuBaercs koHeuHas yactb KBJ] —
BBIJICTACTCA KOHEYHBIA YYACTOK U ONpPEAeNAeTcs
YKJIOH P, 1utst Tekymiero npumepa $=6,0203 MITa/lg c.

2. Taxke KBJL crpoutes B koopauHatax «Pyq(t)-1/t»

(puc. 1, 6).
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Puc. 1. Kpusas eoccmanosnenus dasienus, nepecmpoenias 8 koopounamax: a) «P,0)-1g(t)»; 6) «Pq(t)-1/"%
Fig. 1. Pressure recovery curve rebuilt in coordinates: a) «P,us(t)—Ig(t)»; b) «Psus(t)—11"%»
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Taonuua. MemoOuvl onpedenenus napamempa aHU30MpPONUY (6epPMUKAILHOU NPOHUYAEMOCTIU)
Table. Methods for determining the anisotropy parameter (vertical permeability)
Meton Crioco6 omnpezaeneHus TIpeumymiecta Hepnocrarku
Method Method of determination Advantages Disadvantages
Onpenenxerca HE CaM I10Ka3aTejib aHUu30-
TPOIIMHU NPOHULIAEMOCTH, a JIUIIb aHNU30-
TPONHUs SJIEKTPOIIPOBOJHOCTH IJIaCTOB,
OJTHAKO Taxkas OLICHKa BO3MOXKHaA IIPU OTHO-
Ilo3BonsieT CyquTh O HAJIMUUU B pa3pe3e BEpTH-
CHUTEJIFHO HU3KOOMHOM pa3pese (BoIoHa-
KaJIBHBIX M CyOBEPTHKAIBHBIX TPEIHH IPH %
. CBIILEHHBIE KOJUIEKTOPBI 11-100 OM*M,
Boxosoii KapoTaxX CKaHHu- 3HA4YCHUHU I10KA3aTeJIsI aHU30TPOIIUH ITOPOJ %
o nedrenacoimennsie — 20-500 Om*m)
pyoLHii 6ouiee 1,3 . - . :
! . . . . It is not the permeability anisotropy index
Side logging scan Allows you to judge the presence in the section | . - - ;
of vertical and sub-vertical fractures with a value Itself that is determined, but only the anisot-
. ropy of the electrical conductivity of the
of anisotropy of rocks more than 1,3 . .
layers, but such an assessment is possible
with a relatively low-ohm section (water-
saturated collectors 11-100 Ohm*m, oil-
saturated — 20-500 Ohm*m)
IIpomeicioBo- =
Or[pe):[enelme CI)I/I?;I/IKO-MCXB.HI/I‘IG)CKPIX CBOUCTB
reodusnyueckue
nopoa (PMC), no3BONIAIOIMX CYIUTh O HAJIU-
HCCJICJOBaHUA
. YUU TPCIIUHOBATOCTH. B 00cakeHHBIX CKBaKH-
Geophysical . OmnpegensieTcs He caM M0Ka3aTeNlb aHU30-
HaX IYTEM CPaBHUTEJIBHBIX U3MEPEHUHN T1apa-
surveys TPONHUHU MMPOHUIIAEMOCTH, a JIMIIb aKyCTHYE-
metpoB ®MC, Bosubl Croynmy, kKodhduunenta
BouHOBBIE METOIBI (BOJI- CKasl aHU30TPOIIHS MIOPOJI 10 HHTEPBAJILHO-
o M AHM30TPOIKH 0 H IOCJIE€ THAPOPA3phIBa IIacTa o .
HOBOU aKyCTHYECKHUU MY BpEMEHU 6BICTpOI/I U MCIJICHHOMU IIOIIC-
(T'PII) onpenenstorest nurepsanst ['PII.
KapoTax M JIp.) L . . . PEYHBIX BOJIH.
Determination of physico-mechanical properties ; - . .
Wave methods (wave . P It is not the permeability anisotropy index
. . of rocks, which allow judging the presence of . - -
acoustic logging, etc.) - itself that is determined, but only the acous-
fracture. In cased wells, comparative measure- S - :
- - tic anisotropy of rocks by the interval time
ments of parameters of physicomechanical
p - - of fast and slow transverse waves.
properties, Stoneley waves, anisotropy coeffi-
cients before and after hydraulic fracturing,
determine fracturing intervals.
BbIBO/I: OmpeeneHne LesIoro psia pa3IMYHbIX HapaMeTpoB, XxapakTepHbix 11 ['VIC, HO olleHKa Ha Ka4eCTBEHHOM YPOBHE.
an/IBSBKa K CKBa)XHUHE — JIOKAJIbHOCTDb OIIPEIACIICHUS.
Conclusion: definition of a number of different parameters characteristic of well logging, but the assessment at a qualitative
level. Binding to the well — locality of determination.
JloporoBusHa M peIkOCTh 0TOOpa OPUEHTH-
POBAHHOT'O K€pPHA, COOTBETCTBEHHO, HEBO3-
I/I3yquMe TIPOHUIIAEMOCTH BJI0JIb HaHpaBJ’IeHHP’I MOXHOCTb HCCJICIOBAHUSA JJIsI CKBAXKWHBI, B
X, Y, Z. BO3MOXHOCTb CO3/IaHUsI PA3IHIHBIX KOTOpOH B repro]] OypeHus He 0ToOpaH
TEepMOOAPUUECKUX YCIOBHUHM U XapaKkTepa Hachl- | KepH. [IpuBsA3Ka K CKBa)KHHE — JIOKAIbHOCTh
ICHUA. YucneHnoe ONpeaCICHUE 3HAUCHUA ONpEACICHUs. I/IHOI‘I[a HCBO3MOXXHOCTB
HccnenoBanus N3yuenune opueHTUPOBaAH-
HCKOMOT0 ITapamMeTpa. BOCCO31aTh IIJIACTOBBIC yCIIOBUA.
KEpHa HOI'0 K€pHa

Core studies

Oriented core study

Study of permeability along the X, Y, Z direc-
tions. The possibility of creating different tem-
perature and pressure conditions and the nature
of saturation. Numerical determination of the
value of the desired parameter.

High cost and rarity of the selection of
oriented core, respectively, the impossibility
of research for the well, in which the core
was not selected during the drilling period.
Binding to the well — locality of determina-
tion. Sometimes the inability to recreate
reservoir conditions.

I'maponunamu-
YEeCKHUe UCCIIeNIO0-
BaHUS CKBOKHH
Well test

MuTepnperanus KpuBoit
BOCCTAaHOBJICHHS JaBJICHUA
(yposHs1)

Interpretation of the pres-
sure recovery curve (level)

Casrie KB/I (KBY) BXOAUT B CTaHIApTHBII
KOMIIJICKC HCCHe}IOBaHHﬁ 110 KOHTPOJIIO 3a pas-
pabotkoii MecTopoxaeHuid. OTCyTCTBHE HEOO-
XOOUMOCTH B CIICHUATIBHBIX TOPOTUX HpI/IGOan.
YucneHnoe OonpeacJICHNUE 3HAYCHUA HCKOMOT'O
napameTpa. OXBar 1o MIoaaAx 30HbI JPEHUPO-
BaHus. CpaBHUTEIBHO BBICOKAsi CKOPOCTH 00pa-
00TKH.

Removal of the pressure recovery curve (level
recovery curve) is a part of the standard research
complex for field development control. No need
for special expensive devices. Numerical deter-
mination of the value of the desired parameter.
Coverage area of the drainage zone. Relatively
high processing speed.

Kenarensno nanmnune TMC u oTcyTcTBUE
BO3MyIJ.IeHPII>’I OT COCCTHUX CKBAXXHH.

It is desirable to have a telemetry system
and the absence of disturbances from neigh-
boring wells.

CrenuanbHbie
meronsl I'/JIN
Special methods
of well testing

T'uaponpocnymmvBanne
IUIaCTOB M TPAaCCUPOBAHHUEC
MCYCHBIX BCIIIECCTB
Hydraulic interception of
layers and tracing of la-

beled substances

Hanbonee monHo pa3paboTaHHbIE CLIOCOOEI,
00JIBIIION OXBAT McciIeOBaHUAMH. HHCIeHHOS
ONpeACIICHNE 3HAYCHUA UCKOMOT'O ImapamMeTpa.
The most fully developed methods, large re-
search coverage. Numerical determination of the
value of the desired parameter.

I[OpOI‘OBI/BH& I[.TII/ITSJ'IBHOCTL HuccleaoBa-
Hui. [lns TpaccupoBaHus HEOOXoauMa
GoubIast 06BOI[H6HHOCTL TIPOAYKITUH.
High cost. Duration of research. Tracing
requires a high water cut.
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Ha KB/I, mocTpoeHHO# B KOOpAHHATAX <<p336(t),1/t°v5»,
BBIZIETSETCS TIPSIMOJIMHEMHBI YIaCTOK TaK, YTOOBI BPEM,
COOTBETCTBYIONICE €T0 OKOHYAHHMIO, OBLTO MEHBIIE, YeM
BpEMsI, COOTBETCTBYIONIEE HAyaly MPSIMOTHHEHHOrO
yuactka B koopauHatax «Pus(t)-lg(t)», u ompenmensercs
YKJIOH y4acTka 6. B 1aHHOM mpumMepe 0603HAaYEH y4acToK
¢ napamerpamu: t = 954540 ¢, 0 = 5430,7 MIla - ¢7%°,
1. 3Has BCKpHITYHO (paboTaromyro) Tonumuy h,., Bemm-

YUHBL 6 U B ¥ KOOP/MHATEI MOCIE/IHEN TOUKH MPSIMOI,

MIOCTPOCHHOH B KOOPIMHATAX <<P3a5(t)—1/t0'5», ormpe-

JIENSIOT 00IIYIO TOMIIMHY T1IacTa:

~ hye ~ 183
L _BL5-t) [ 6020315954540
T 2090 T 2,09-5430,7
=50,09m,

2. Boruncnsercs BeprukaibHas nponunaeMocts (Ky):
0229 -m-p-h-B
R
_0,229-0,11-3,4-107°-50,09 - 6,0203

B 14,52 - 106 - 5430,7

B

= 327,56 M]L.

rae M — MOpUCTOCTb, A. e.; Py, — Tekyliee miacToBoe

napienue, MIla; |1 — BsI3KOCTh (ronia B YCIOBHSX IITa-

cra, Mlla - c.

3. BbluMCIMB BEpTHKANBHYIO MPOHHUIIAEMOCTh, PACCYH-
THIBAIOT BEPTUKAIBHYIO IbE30MPOBOLHOCTD:

Proi-K, 14,52-10°-32756-10715
B 3,4-1073-0,11 B
= 0,01272M°/,

4. 3Hasg 3HAYeHWE BEPTHKAJBHOH MbE30OMPOBOJHOCTH,
BBIYHCIISIOT TOPH30HTAIBHYIO MpoHUIaeMocThb (K;):

K =Tkt
' 1t~(s-,/3,30tB
_ 459510°-306-3,4-10°°
3,14-5430,7-10°{/3,3-0,01272

rae Q — eOUT CKBaXHHBI TIEpEl MCCIECTOBAHUEM, M3/C;
T,, — nmacroBas Temneparypa, K.
5. Haxoautcs napamerp aHU30TPOIHUH:
K, 327,56-1071
K. 136,78 10715
[To nanHoit MeToaMKE 00paboTaHbl 252 UCCIEN0BAHUS,
NpoBeleHHblE Ha HOOBIBAIOIMX M HArHETaTeNlbHbIX
CKB&XHMHAX (DAMEHCKOW 3aylexku ['arapmHCKOro Mecrto-
poxzerus. CTOMT OTMETUTh, YTO KapOOHATHAs 3aJeKb
He()TH B (PaMEHCKHX OTIOXEHHUSAX |'arapuHCKOro MecTo-
POXKIEHUS XapaKkTepU3yeTcst IBOMHOM MyCTOTHOCTBIO M
UMeeT CHEAYIOLIYH TEO0JI0THYeCKyH OCOOEHHOCTB: IO
IJIOIAM PacpOCTPaHEHUs 3aJIeKU YCTaHOBIEHO depe-
JIOBaHHE KOJUIEKTOPOB Pa3HOM €MKOCTH JIJISl OJTHUX U TeX
ke CcTpaturpaduueckux TOPHU3OHTOB, OOYCIOBIEHHOE
ycnoBusaME ceaumenTanuu [20-23]. Jlydmmmu ¢punstpa-
LIUOHHO-eMKOCTHBIMU ~ cBoiicTBamu  (DEC) obnamaer
YacTh 3aJICKU B BHAC pudoBOro rpedHs, B Ooee HU3KO-
penbedHbIe YIacTKU B MPOIEcce CEAMMEHTAINN CHOCHII-

o, =
B L m

=136,78 m/,

v = = 2,39 n.ex.
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C1 MHKDPHUTOBBIA MaTepual, KOTOpbIA 3amojiHAN ecTe-
CTBCHHBIC  TpPCIIWHBL,  yXyOmas  (IUIBTPAIOHHO-
€MKOCTHBIE CBOKMCTBA TOpHBIX mopon (puc. 2). Jlns xax-
JIOW  JIUTONOTO-(aMaTbHON 30HBl TOCTPOCHA 3aBHCH-
MOCTb MOKa3aTeNs aHU30TPONUU MPOHUIAEMOCTH OT 3a-
OoitHoro pasneHus (puc. 3). IlonydeHHble 3aBUCUMOCTH,
Ipe/ICTaBICHHbIE HA PUC. 3, MOTYT OBITh UCIIONB30BAHbI
I TIPOTHO3MPOBAHMS MapaMeTpa aHU30TPONUH IPOHH-
[aeMOCTH B KaXJOW JUTONOro-(panuaibHOi 30HE, YTO
TOBNHSET HA MOJ00pP ONTUMANBHOTO TEXHOIOTHYECKOTO
pexxuMa paboThl CKBaXMH U Ha BBIOOp Teonoro-
TEXHMYECKHX MEPOIpHUsTHii [24-27].

JIng TIPOTHO3MPOBaHWA M ONEHKH S((PEKTHBHOCTH
TPUMEHSAEMBIX T€0JIOTO-TEXHHYECKUX MEPOTPUATHH |
TEXHOJIOTMYECKHX TIOKa3arened pa3pabOTKH aBTOpPaMH
cratbi Momu¢uuuposana ['T/IM ¢ y4eToM moyyeHHBIX
3aBHCHMOCTEl 00 M3MEHEHHM TapaMeTpa aHW30TpPOIIHH
nponunaemMoctd. MomudumupoBansas [TJM mo cpas-
HEHHIO ¢ 0a30BOi MOJIENBIO, KOTOpAsi HE YUUTHIBACT IO-
Kazaresib aHW30TPONHUHU (BEPTUKAIbHYIO IPOHULIAEMOCTS ),
TIOMOXET JIOCTOBEpHEE M KaueCTBEHHEE OLEHUTb TEXHO-
JIOTHYECKHE MOKa3aTeNn pa3pabOTKH M PEKAMBI PaOOTHI
CKBaXHH 1ocie nposeaenus ['TM.

COBepLIJeHCTBOBaHVIe reonoro-ruapoanuHaM1Myeckon
mMoaenu ¢ y4eTom UsMeHeHUA nokasarensa aHU3oTponuu

CyImecTByeT MHOXECTBO CIOCO0OB ydeTa TPEILIHHO-
BATOCTH B THAPOAMHAMUYECKHX MogensxX. [lepBblii, Ko-
TOpbIN fABIAeTCS Hambojee TPYHAOEMKUM, HO HPU 3TOM
(M3HYHBIM, — 3TO CO3/IaHHE MOJIEITN JBOMHOMN cpebl [28].
OueBHIHBIM IPEUMYILIECTBOM HCIOJb30BAHUSA TAaKOH
IT/IM sBasieTcss y4eT CIOXKHOTO CTPOEHHS MyCTOTHOTO
NPOCTPAHCTBA TPH MHOTro(asHoi (uiabTpanuu miacTo-
BBIX (hrommoB. OJHAKO TPOLECC MOCTPOCHHS MOJIECIH U
€€ MCIIOJb30BaHHs CBA3aH CO 3HAUMTENbHBIMU TPYIHO-
CTSIMH, TAaKMMHM KaK HEOJHO3HAYHOCThH OTpE/IeNICHUs T1a-
pPaMETpPOB TPEIIMHHONW CPeIbl M YTSDKEIECHHE MOJIENTH C
3aMe/ICHHEM CKOPOCTH pacueToB, T. K. Oy/eT pacmpesne-
JeHHe (IIBTPAIMOHHO-EMKOCTHBIX ~CBOHWCTB  MEXIY
JIBYMS IIyCTOTHOCTSIMH, @ TAKXKe II€PETOKU MEXKIY HUMHU.
[ToaTOMy Ha MpAaKTUKE BCTPETUTH TAaKUE MOJETH MOXHO
JIOBOJIBHO pejiko. Jlpyroit crocod 0CHOBaH Ha MCHONB30-
Banuu B ['TJIM cioeB ¢ HU3KOM MOPUCTOCTHIO U BBICOKOM
MPOHUIIAEMOCTbI0, HAalpuMep, B pailoHe ckBaxuH [29].
[IpUMEHAIOT TaKKe He COCEAHUE COEIUHEHHS, NPU KOTO-
phIX (IIFOMI TPaKTHYECKH MTHOBEHHO MOXET IepeHe-
CTHCh OT OJIHOW TOUKM Iuiacta no jApyrodl. KocBeHHo
CMOJICTUPOBATh (DHIBTPALMI0O B  TPELIMHHO-IIOPOBOM
KOJUIEKTOpE MOXKHO ¢ moMmorubio kpuBbix O®II [30, 31].
Berpeuatorcs Ha IpakTHKE METOAbI yueTa HW3MEHEHHUs
TPOHUIIAEMOCTH KOJUIEKTOPA B 3aBMCUMOCTH OT JTMHAMH-
KM TIaCTOBOrO jaBieHus [32]. OnuH u3 mogoOHBIX Me-
TOJIOB, KOTOPBIi JaeT YIOBJIETBOPUTEIbHBIE TOKa3aTeNu
TIPY palHOHANBHBIX BPEMEHHBIX 3aTpaTax Ha MoaudHKa-
UM, BBIOpaH A yueTa TPELIMHHON COCTaBIIOLIeH Iy-
CTOTHOTO TIPOCTPAHCTBA (paMEHCKOW 3anexu [ arapuH-
CKOTO MECTOPOXKICHUS. MoIenpoBaHNe IPOU3BOIUIOCH
B THAPOAMHAMHYECKOM CHMYyJATOpe Tempest Bepcuu
8.3.1 xomnanuu Roxar.
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YcioBHbIe 0003HAYCHHSA:

" CKBAKHHA ACHCTBYIOLIAS T0OBIBAIOLIAS
¢ CKBKHHA ACHCTBYIOLIAS HATHCTATC/IBHAS
O  CKBOKHHA HCAKTHBHASA

= = = = BHCILIHHHA KOHTYP Hecl)TEHOCHOCTH
- Hixauii ThU10BO#H nuIeiid
Bepxuuii Teut0BOI n1€ii}

buorepmuoe sapo
CxunoH puda

Puc. 2 Jlumonozo-payuanvras xapma gamenckux omuodscenuil I azapuncko2o mecmoposicoeHus
Fig. 2. Lithofacies map of the Famennian deposits of the Gagarinsky field
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Puc. 3. 3asucumocme nokasamens anuzomponuu om 3a060UHO20 0asNeHUs Olid KAXCOOU IUMON020-PayuanbHoll 301bl ga-
MeHCKoU 3anexcu I azapuncko2o Mecmopodcoens

Fig. 3. Dependence of the anisotropy index on the bottomhole pressure for each lithofacial zone of the Famennian deposit of
the Gagarinsky field

1
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[IpenBapuTensHo  BepTHKaNbHAS  MPOHULIAEMOCTb
YICIICHHO HACTPAMBANACh IO Pe3yibTaTaM HHTEPIpETa-
muu [JIW. Jlanee mpowcxoaun mporecc MoauduKaiym
FH}IpOZ[PIHaMH‘ICCKOﬁ MOJCIN MYyTEM IIOMCKa MHOXKHUTC-
Jieil NPOHUIIAEMOCTH B HECKOJIBKO ITAIlOB:

1. TlpeobpazoBaHue TMONYYEHHON 3aBUCUMOCTH IOKa3a-
TeNs aHU30TPOIUU OT OTHOUICHHS TEKYIIEro 3a0oi-
HOTO K HAYanbHOMY IUIACTOBOMY JABICHHIO B 3aBU-
CHUMOCTBH OKa3aTels aHM30TPOIIHH OT TEKYIIEro IIa-
CTOBOTO JIaBJIE€HHA. 3aBUCHMOCTh OyJIeT UMETh IpH-
MEpHO TaKOM e BHJI.

2. TloctpoeHne 3aBHCUMOCTH MPOHUIAEMOCTH OT ILNa-
CTOBOTO JIaBIEHHS IIPH AHANM3E NPOBEICHHBIX THI-
pOoaMHAMHAYECCKUX I/ICCJ'ICI[OBaHI/Iﬁ Ha HCYCTaHOBHUB-
muxcs pexxumax. [IpoHuiaeMocTs, noaydaemas Ipu
HCCIIEIOBAHUSX, OyIeT paBHA MPOHUIAEMOCTH TI0 JTa-
tepam K,=K,.
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3. [Tlpu mocratouno ManeHBKOM Iare, Hanpumep, 5 0ap,
0T aTMOC(epHOro 10 TUIACTOBOTO JABJCHHA (BBIIIC
MOXHO YMEHBIIATh TUCKPETHOCTH) MOTYYAOTCS 3HA-
YeHUs MTPOHUIIAEMOCTH MO JIaTepai.

4. Topu3oHTanbHAs MPOHUIIAEMOCTh MOJACTABISETCS B
3aBucuMocTh myHkTa 1. [Toiydaercs pacmpenencHue
BEPTHKAIBGHON MPOHUIIAEMOCTH OT IUIACTOBOTO JIaB-
JICHUSL.

[IpunuMaercs, 4To MpyU HaYaIbHOM IUIACTOBOM JIaB-
JIEHUM TIPOHUIIAEMOCTH HE W3MEHEHBI, a IPH M3MEHEHUH
JIABIICHUS B TY WIM HHYIO CTOPOHY YBEIMYMBAIOTCS OO
YMEHBIIAOTCS. TaK Kak pacrpeneneHie TPOHUI[AeMOCTH
B 30HE K&XKIOW CKBXHHBI MOXET 3HAUMTENBHO Pa3iu-
YaThCsA, TO JUI1 MCIIONB30BAHUSA HEOOXOMHMMEI HE CaMH
3HAQUEHUs IIPOHULAEMOCTEH, a WX MHOXUTENTH (TpH
Pu=Puned MHOXHTENL paBeH emuHmIE). [IponenanHbie
OTIepaIlnHy MPeJICTABICHBI Ha pHC. 4.
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Puc. 4. 3asucumocmo muodicumeneti npoHUYAEMOCMY OM NAACMOB020 0asieHus 0l hayuu 8epxHe2o muliogozo uiieliga
Fig. 4. Dependence of permeability multipliers on reservoir pressure for the facies of the upper rear plume

AHanuzupys nony4deHHble TpaduKy, MOXKHO IPUATH K
BBIBOJLY, YTO HPU 3HAUMTENLHOM CHIDKEHHUH IIaCTOBOTO
HaBJICHUA POJIb BepTHKaﬂLHOﬁ (bHHBTpaLII/H/I BBIXOOUT Ha
nepBblil miaH. JlaHHas Mponeaypa ObUTa BBIIOJHEHA AN
KaXI0¥ JTUTONOro-(anuaibHOi 30HBl pacCMaTPUBAEMOTO
o0OBekTa pa3paboTku. TakxuM 06pa3oM, IMEIOTCS 3aBHCH-
MOCTH M3MEHEHHUs NMPOHHUIAEMOCTEH 10 JIaTepaan U Bep-
THKaJIM I KaKI0H 30HBL. B oTimumu oT pacmpoctpa-
HEHHOTO crocoba mpu momolny Kitodeoro cinosa KVSP
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npumeHenue kimouebix cnoB KVPX, KVPY u KVPZ
JIaeT BO3MOXKHOCTb Pa3HOHANPABIEHHOTO PaclpeeneHus
M3MEHEHHSI POHMI[AEMOCTH OT AABJICHHS, YTO U OBUIO
chenaHo. BHemHumit B MOAMGULIMPOBAHHON T€0IOrO-
TUIPOANHAMUYECKON MOJIETH MpeCTaBiIeH Ha puc. 5 Ha
npumMepe Ky0a n3MeHEHHBIX PETHOHOB.

[Ipu pabote ¢ MOTU(HUIMPOBAHHON MOIENBIO MONY-
YHIIOCH YIYUIIHTh ATANTaIH0 KaK 10 TOOBIBAIOIINM, TaK
H 110 HATHETATEBHBIM CKBXKHHAM (puc. 5, 6).
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gz

Gagar_TFm_adspt_sni_2502 : KVSP regions
January 01, 2019 : Step 340 (3496.0 days)
Global Range : Min= 1.0, Max = 4.0
Threshald active: 11 <= 0.000

Puc. 4. BrewHuii 6u0 MoOUpUYUPOBaHHOU 2e071020-2UOPOOUHAMUYECKOU Modenu Gamenckou 3anexcu I azapurckozo me-
CMOpPOCOeHUs.

Fig. 4. Appearance of the modified geological and hydrodynamic model of the Famennian deposit of the Gagarinsky field
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Puc. 5. Cpasnenue pe3yibmamos adanmayuu no 00ovieaowel cke. 429 na Mooupuyuposantoll u ucxoOHOU Mooelu
Fig. 5. Comparison of the results of adaptation for mining well 429 on the modified and the original model
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Puc. 6. Cpasrernue pe3yromamos adanmayuu no Ha2HemamenoHol cke. 71 Ha Moouguyupo8anHoil u uCXoOHol mooenu
Fig. 6. Comparison of the results of adaptation for injection well 71 on the modified and the original model

Takum 00pa3om, MpoBeleHHBIC PacyeThl B MOIUDH-
IIUPOBAHHON THAPOAMHAMUYECKOH Mojeny 1o ckB. 429
TI03BOJIMIIM BOCCO3/IaTh JIMHAMHUKY 3a00MHOTO JaBIICHUS,
HaCTpOI/ITL TpeH}:[ IJIaCTOBOI'O AAaBJICHUS U 3HAYUTCIIBHO
YIYYIIATh CXOAMMOCTh HapameTpa o0BopHEHHOCTH. [1o
ckB. 71 ymanmock noOHTHECS HEOOXOMMMOW MCTOPHUIECKON
perpeccuu, a Takke Bech 00beM 3aKaunBacMOM XKUIKO-
cTH yien B 1iacT. Ha ncxoqnoit Mosienu 3Toro He ToJy-
YMI0Ch M 3a00iHOE JaBIIEHHE HAXOIMIIOCH Ha IIOJKE B
HEKOTOpBIC Meproas! BpeMeHU. Mopenupoaics dddext
aBTo-I"PII.

3akntoyeHue

B nanHO# cTaThe paccMOTpeHa akTyalbHas pooneMa,
HarnpaBJiCHHAS Ha OTPEJICNICHUE MapamMeTpa aHu30TPOIIUH
IPOHHUIIAEMOCTH (BEPTHKAIBHOH MPOHHUIIAEMOCTH) M €T0
y‘ICT B Z[CﬁCTByIOHIHX FGOHOI‘O-FI/IZ[pO}II/IHaMI/I‘IeCKI/IX
MoJiensx (Ha mpumepe hameHckoit 3amexu [arapuHCKoro
MecTopoxaeHus). Onucan moaxoj, KOTOPBIA MO3BOJIAET
OIIEPAaTUBHO OLEHUTH BEPTHKAIBHYIO U TOPU3OHTAIIBHYIO
IPOHMIIAEMOCTh, & TaKXkKe MapameTp aHM30Tponuu 0e3
HpOBe}leHI/I}I CIICIUAJIbHBIX ﬂOpOFOCTOHHII/IX u [LOJIFOBpe-
MEHHBIX HCCJIE/IOBaHHH, a B paMKax PEeTyJSIPHBIX THIPO-
muHammgeckux uccnenoBannii (KBJl wmm KBY). Ins
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KaXI0i JTUTOJIOT0-(halnaibHOW 30HBI (paMEHCKOW 3aie-
K1 [arapyHCKOro MeCTOpPOXKIEHHS IONyYeHa 3aBHCH-
MOCTb M3MEHEHHUs IapamMeTpa aHW30TPONMH HPOHMIae-
MOCTH OT 3a00WHOr0 JaBJIEHHS. YCTAaHOBIEHO, YTO 3Ha-
YeHHs MO0Ka3aTels aHU30TPOIHUH B PA3IUYHBIX JIUTOJIOTO-
(paraNbHBIX 30HAX U3MEHSIOTCS B IIUPOKOM JIHATIA30HE.
C 1moMOIIbIO TONYYEHHbIX 3aBUCMMOCTEH OLEHKU Mapa-
MeTpa aHW30TPONUM MPOHHUIAEMOCTH Oblia MOANU(HIIHU-
poBaHa  JICHCTBYIONIAS  TeOJOTO-TUIPOJHHAMUYECCKAS
MoJenb (haMeHCKol 3anexu [arapuHCKOro MecTOpoxke-
Hus. C TOMOIIBI0 MOTU(UIIMPOBAHHON THIPOAMHAMUYC-
CKOM MOJIENM Y[anoch 3HAYUTEBHO YJIYYIIMTh ajarnTa-
M0 KaK Mo JOOBIBAIOIIMM, TaK M MO HarHETATEIbHBIM
ckBaxuHaM. TakuM 00pa3oM, yJanoch IOBBICHTH Kaue-
CTBO M JIOCTOBEPHOCTb IU(DPOBOH Mojenu (haMeHCKOI
3aJeXu ['arapuHCKOro MECTOPOXKICHUS IS PacyeToB U
TPOTHO3MPOBaHKS Tporiecca no0bau HedTH. C moMo-
I[pI0 ONMMCAHHOW B CTaThe METOJAMKH MOXKHO OIICHHTBH
M3MEHEeHHe TapamMeTpa aHWU30TPOIHH MPOHUIAEMOCTH H
Ha Jpyrux KapOOHATHBIX OOBEKTaX MECTOPOXKACHUH
[Tepmckoro xpast u Poccun v B fanpHeiimeM Moauduim-
pOBaTh CYLIECTBYIOLIME I€0JOr0-THAPOAMHAMUYECKHE
MOJICITH.
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ACCOUNTING THE PARAMETER OF ANISOTROPY OF PERMEABILITY IN GEOLOGICAL
AND HYDRODYNAMIC MODELS OF CARBONATE OBJECTS
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The relevance of the research. A significant share of the developed oil assets, confined to carbonate complex objects, has increased
markedly both in Russia and in the Perm Krai. Reliable knowledge of the parameters of a fracture-porous reservoir type allows selecting a
rational development system, controlling development, ensuring optimal geological and technical measures for a given reservoir, clarifies
the existing geological and hydrodynamic models. When building and adapting geological and hydrodynamic models of oil fields, especially
those related to complex carbonate reservoirs, knowledge of both horizontal and vertical permeability (anisotropy parameter) is important.
In practice, the vertical permeability in geological and hydrodynamic models is offen assumed to be zero, although this is far from the case.
Determining the vertical permeability (anisotropy parameter), its dynamics when changing reservoir and bottomhole pressures, and use in
geological and hydrodynamic models is an important task that will improve the quality and accuracy of using digital models for calculating
and predicting oil production.

The main aim of the study is to improve the geological and hydrodynamic model, taking into account the use of permeability anisotropy
index.

Object: carbonate Famennian deposit of the Gagarinsky field.

Methods: processing of geological research data; use of the Tempest hydrodynamic simulator version 8.3.1 from Roxar.

The results. According to the method for determining the anisotropy parameter proposed in the article, 252 studies at production and
injection wells in the Famennian deposit of the Gagarinsky field were carried out. For each lithofacial zone, the dependence of the perme-
ability anisotropy index on the bottomhole pressure was constructed. For forecasting and evaluating the effectiveness of the applied geo-
logical and technical measures and technological indicators of development, the authors modified the geological and hydrodynamic model
taking into account the dependencies obtained on the change in the anisotropy parameter. With the help of a modified hydrodynamic model,
we managed to significantly improve the adaptation of both production and injection wells. Thus, it was possible to improve the quality and
reliability of the digital model of the Famennian reservoir of the Gagarinsky field for calculating and forecasting oil production.

Key words:
Well testing, vertical permeability, horizontal permeability, lithologic-facies zones, modified hydrodynamic model.
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