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ABTOp, OTBETCTBEHHBIN 3a Nepenncky

O6bekToM uccnenoBaHns SBASIOTCH CKBAXMHbI, BCKPbIBLUWE TIMHNC-
Thle KOMMEKTopa ManeoreHoBOro BospacTa. [1py NPOrHO3MpOBaHWM
TpaekTopuu TpeLLmMHbl npu rugpopaspbise nnacta (MPM) Heobxoau-
MO Y4MTbIBaTb MPOLIEHTHOE COLepXaHue MWHEpPanoB B nopoae, Tak
kaK TpeLumHbl npu BbinonHeHun TPIT hopmMupyloTcs Ha KOHTaKTax
Mexgy MWHepanbHbIMKU 3epHamiu. [laHHoe 3aknioyeHne 6eccrnopHo,
HO MOMy4YeHne NOMHOM MHGOPMALMW O MPOLEHTHOM COAEpXaHu
MWHEpanoB B Nopofde — AOPOrocTosias M He BCerda BbiMONHUMAS
3agava. BmecTe ¢ Tem, Ha (PU3MKO-MEXaHMYECKME XapakTepUCTUKM
TTMHUCTBIX MOPOJ HE MEHEE CyLLECTBEHHOE BMUSHWE OKa3blBaeT WX
nopucTocTb. 03TOMY BaXHO OTMETUTb, YTO HAZeXHOe onpeaeneHue
koachpuLmMEHTa NOPUCTOCTU MO BCKPLITOMY rE0NOMMYECKOMY paspesy
HECOMHEHHO OKaXeT MepBOCTENEHHOE NOMOXUTENLHOE BAWSHWE Ha
[0CTOBEPHOCTL MogenupoBaHus TPI1. Wcxops 13 aToro, B CKBaxu-
Hax, BCKPbIBLUWX TMIMHWCTbIE KOMNeKTopa, bbiin npoaHanu3npoBaHb
3HaYeHMs K03 (ULMEHTOB NOPUCTOCTH, ONPeaeneHHbIe pasnnyHbIMU
MeTOAamu, B TOM YuCre NPSMbIMUA — aHann3 KepHa, Lunama 1 KoCBEH-
HbIMK — reodnsmyeckumn Metogamu. B xoge paboTbl 0BHapyKeHb
CcoBMageHuns koadhuLMeHTa NOPUCTOCTM NO KEPHY, LLMaMY 1 SNEKTpU-
Yeckomy kapoTaxy. o utoram NpoBEAEHHOTO UCCREA0BaHNS MOXHO
cAenatb BbIBOA, YTO KOI((ULMEHT NOPUCTOCTH, ONPedenieHHbIN no
akycTiyeckomy kapotaxy (AK), CyLLeCTBEHHO NpPeBbIlLaeT 3HaYeHus
ko3hhrLMEHTa NOPUCTOCTH, ONPEAENEHHOMO MO KEPHY, LUNaMy W UH-
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KntoyeBble crnosa:

[na uuTpoBaHus:

JYKUMOHHOMY KapoTaxy. JTO CBSI3aHO Kak C BMWSHWEM MMHUCTOCTY
Ha NoKa3aHMs aKyCTUYECKOro kapoTaxa, Tak U BBUAY HWU3KOTO KayecT-
Ba MaTepuanos AK BCreACcTB/E pa3MbiBa CTBONA CKBaXUHbI. CriegyeTt
OTMETUTb, YTO BBIMOMHEHHbIE PacyeTbl KOAMULMEHTOB NOPUCTOCTH
B HaJpenepHoi yactv — B BatannalumMHCKOA CBUTE MO KEPHY W MHAYK-
LIMOHHOMY KapOTaxy COBMafatoT NPaKTUYECKM NOMHOCTbI. OfHakKo B
MOAPENEPHON YacTW CBUTbI MOKa3aHWs HE3HAYUTENBHO PaCXOmsATCS.
KoachcpnumeHT nopucTocTy, paccumTanHblii no pk¥, makcumym Ha 2 %
HWKe Ko3aULUMEHTa MOPUCTOCTY, OMPEedeneHHOro no KepHy, 4To
BOSTHE JOMYCTUMO.

rMapOpa3spbIB NnacTa, kKoaMULMEHT NOPUCTOCTH, KEPH, LUNaM, MHAYK-
LIMOHHBIN KapoTax, akyCTUYECKUI KapoTax
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e3yrnbratbl onpeaeneHna KOSd)d)MLLMeHTa nopucTocTn B Hed)TeHaCbILLLeHHbIX... nopogax
A.-T.T. Kepumos, E.T. Kepumosa, E.T. NyHbkuHa, J1.C. MkpTusH, E.C. Kniona
Abstract. The article studies the wells that opened clayey reservoirs of Paleogene

age. When predicting the trajectory of a crack during hydraulic fracturing
(HF), it is necessary to take into account the percentage of minerals
in the rock, since cracks during hydraulic fracturing are formed at the
contacts between mineral grains. This conclusion is indisputable, but
obtaining complete information about the percentage of minerals in a
rock is an expensive and not always feasible task. At the same time,
the physical and mechanical characteristics of clayey rocks are no less
significantly influenced by their porosity. Therefore, it is important to
note that a reliable determination of the porosity coefficient from the
exposed geological section will undoubtedly have a primary positive
impact on the reliability of hydraulic fracturing modeling. Based on
this, in wells that opened clayey reservoirs, the values of porosity
coefficients determined by various methods were analyzed, including
the direct one — analysis of core, cuttings and the indirect one —
geophysical methods. During the work, a coincidence of the porosity
coefficient in the core, cuttings and electrical logging was discovered.
Based on the results of the study, it can be concluded that the porosity
coefficient determined from acoustic logging (AL) significantly exceeds
the values of the porosity coefficient determined from core, cuttings
and induction logging. This is due both to the influence of clay content
on the acoustic logging readings, and due to the low quality of AC
materials induced by erosion of the wellbore. It should be noted that
the calculations of porosity coefficients in the above-reference part — in
the Batalpashinsky formation based on core and induction logging —
coincide almost completely. However, in the sub-reference part of the
formation the readings differ slightly. The porosity coefficient calculated
is @ maximum of 2% lower than the porosity coefficient determined
from the core, which is quite acceptable.

Keywords: hydraulic fracturing, porosity coefficient, core, cuttings, induction log-
ging, acoustic logging
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BBepeHue

[Ipn nporHO3MpOBaHUM TPAEKTOPUM TPELIUHBI IpPU
runpopaspseie miacra (I'PIT) cnenyer yunThiBaTh MPOLIEHTHOE COAEP-
YKaHNE MUHEPAJIOB B NIOPOJIE, TAK KaK TpeUuHbl npH BbinoaHeHun ['PII
(opMHpPYIOTCSl Ha KOHTAKTaX MEXJIY MUHEPaJbHBIMU 3epHamu [1, 2, 3,
4]. anHoe 3akiroueHue OeccriopHO, HO MOJIyYeHHE MOIHONW UH(popMma-
LMK O MPOILEHTHOM COZAEpPKaHUM MHHEPAJIOB B MOPOAE — JOPOTOCTOs-
masi 1 He BCerja BhIMOJMHUMA 3ajada [S5, 6, 7, 8]. [Ipu stom cienyer
YUUTBIBaTh, UTO Ha (PU3UKO-MEXaHUUECKUE XapaKTEPUCTUKH ITIMHUCTBIX
MOpPOJI HE MEHEE CYILIECTBEHHOE BIMSIHHE OKa3bIBAET UX HOPUCHOCHIb
[9]. [ToaTOMy Ba’kHO OTMETHUTB, UTO HAJIEKHOE OTpeesieHue KO PUIIm-
€HTa IIOPUCTOCTH 10 BCKPHITOMY I'€0JIOTHYECKOMY pa3pe3y HECOMHEHHO
OKa)XET MEPBOCTENEHHOE MOJ0KUTEIbHOE BIMSHUE HA JOCTOBEPHOCTH
moaenupoBanus ['PI1[10, 11, 12, 13].

Marepuansl U meToAbl UCCNEAOBAHUMN

TeXHUKO-TEXHOJIOTUYECKUE pEelIeHHs] MpoOJIeMbl Ha-
JEKHOTO ompeaeneHus: KodphuiueHTa NopucToCTU MOPOJ, MPEACcTaB-
JICHHBIX TIMHUCTBIMH TPEIIMHOBATHIMU KOJUIEKTOPAMH, BBITJISIUT Clie-
IAyIoUMM 00pa3oM. B ckBakMHaX M3y4aeMOro MECTOPOXKIECHUsS Haubo-
Jiee TIOJTHO OCBEILIEHBI KEPHOM OTJIOKEHUS OaTalMmaluHCKONW CBHUTHI, UX
TOJIIIIMHA U €MKOCTh OTHOCUTENIBHO XOPOILIO BbIAEPKAHBI 10 MJIOIIAIH.
Comnocrasnenue k03(h)(HUIIMEHTOB MOPUCTOCTH BBIIIOIHSIIOCH IO KEPHY,
[IIaMy U JaHHBIM IPOMBICIIOBOM Te0(U3UKH B HAJ- ¥ TIOAPENIEPHOM Yac-
TSX CBUTHI C LIETTbI0 0OOCHOBAHHOTO BBIOOpPA METO/Ia U METOAMKH OIIpe-
neneHust ko3(dunmenTa mnopucToCTH KOCBEHHBIM T'e0(pU3NUECKUM Me-
TOJIOM.

B kauecTBe mpumMepa onucaHusi KepHa BbIOpaHa O/1Ha U3 CKBaXHH,
B KOTOPOW OTIOKEHHUs OAaTaIMallnHCKOW CBUTHI 3aJIeTal0T B HHTEPBAJIE
rryoun 2080-2150 m. Penep Haxomutces B uHTepBajie 2129-2130 M u
OTYETIMBO OTOMBAETCSI IO KPUBOW CTAaHJAPTHOIO MOAOLIBEHHOIO Ipa-
IUeHT — 30112 (puc. 1).

B naapenepnoit yactu cBuThl B uHTEepBajie 2080-2129 m orme-
YaroTCsl CBEPXY BHM3: ITIMHBI CEPbIE U TEMHO CEPBIE C MPOCIOSIMU aJIEB-
POJIMTOB, TOHKO TOPU30HTAIBHO-CIIOMCTBIE, MECTAMHU IJIMHBI KOCOCJO-
UCThIC, MEpeMsThle, HUKE KPOBIM BCTPEYAECTCS MECUYAHUK TOJIIMHOM
1,4 M, HUKE 5,6 M — TEMHO Cepble NIUHBI, TOPU3OHTAIBLHO-CIIOUCTHIE.
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Puc. 1. CBOAHbIN NNaHLeT KapoTaXHbIX AuarpamMm.
Fig. 1. Consolidated plot of well logs.
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OcranpHas 4acTh 70 pernepa npeacTaBieHa TEMHO-CEPIMU TOHKO TOPH-
30HTATBHO-CIIOUCTHIMU HEKapOOHATHBIMHU TIOPOJAMH C UYEpEIOBAHHEM
JIMHUCTBIX MOPO/I.

[TonpenepHast 4acTh CBUTHI INIABHBIM 00pa30M MpEICTaBICHA TIIH-
HOM, aHAJIOTUYHOM BBHIIICOIIMCAHHOM.

Pe3ynbTaTtbhl NCCNeaoBaHuM U ux obecyxxpeHue

Pacxoxnenne Kod(p@PHUIMEHTOB IOPUCTOCTH, OIpe-
JIEJIEHHBIX MPSIMBIM CIIOCOOOM IO KEPHY M PAaCCUUTAHHBIX MO JTAHHBIM
reo()M3HMKH ¢ UCTIONb30BaHUEM 3aBucUMOCTH b. JI. Anekcannposa (pac-
YeT BBIMOJHSUICA IO JAHHBIM DJIEKTPUYECKOTO KapoTaka MO KPUBOM
YAEIBHOTO JIEKTPUUYECKOTO COMTPOTUBIICHUS P, ), COCTaBisgeT MeHee 1 %.
Cpennee 3HaueHue ko3 ummenta mopuctocT cocrariser 12,5 % [14].
[lomydeHHas BbICOKask CXOAUMOCTD PE3YIIBTaTOB CBUJETENBCTBYET O BbI-
COKOH JI0CTOBEpHOCTH OIpEeNeHUs KOIPPUIIMEHTa MOPUCTOCTH I10
AJIEKTPUYECKOMY KapoTaxy (B YaCTHOCTH MO MHIYKIIMOHHOMY KapoTa-
Ky), pe3yJibTaraM J1abopaTOpHBIX UCCIIETOBAHMI KepHA U IIIJIaMa B U3Y-
YaeMBbIX OTJIOKEHUSX (puc. 2).

Pacrnipenenenne nopucTocTy, ONpeIeIeHHON 110 pe3yabTaraM aHa-
JIM30B KEPHA U EKTPUYECKOIO KapOTaxKa, Il OTIIOKEHUH 1aJIe0reHo-
BOT'0 BO3pacTa Ha U3y4aeMOoH IUIOIIAu B Ha/l- ¥ MOAPENEPHOI YacTiIX B
OaTaNnanMHCKONH CBHUTE MOJATBEPAMIIN BHISIBICHHYIO BBILIE 3aKOHOMEP-
HOCTh COBNa/IeHUs KOA(h(UIIMEHTA TOPUCTOCTH 1O KEPHY U ANIEKTPUIEC-
KOMY KapoTaxy (puc. 3).

[Tpuyem B HagpenepHOI YacTu OaTaaNnalInHCKON CBUTHI 3HAYCHUS
K03()PHUIIMEHTOB MOPUCTOCTH, OMPENEICHHBIM M0 KEPHY U MHAYKIHUOH-
HOMY KapOTaXy, COBIaJa0OT MPAKTUYECKU MOTHOCTHIO.

OnHako B NOAPENEPHON YaCTH CBUTHI IT0OKA3aHUSl HE3HAUUTEIBHO
pacxonsatcs. Koaddunumenr mopucroctu, paccuntanusiii mo p, "X, mak-
cumyM Ha 2% Hke Kod(d(dulMeHTa MOPUCTOCTH, ONPEAETICHHOTO 10
KEpHY.

B HEeKOTOphIX CKBaKMHAX UCCIEyEMOM MIONIaAN B HAAPETIEPHOI
Y TIOApENepHON JacTaX OaTraananiMHCKON CBHUTHI BBITOJIHSINCH COMOC-
TaBJICHUS KOAPPHUIUEHTOB OPUCTOCTH, ONPEACICHHBIX IO KEPHY, WH-
OYKIIMOHHOMY M aKyCTUYECKOMY KapoTaxkaM (puc. 4).
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Puc. 2. ConocTaBneHue Koadp(PULMEHTOB NOPUCTOCTU MO KEpHY, Lina-

MYy U 3MIEKTPUYECKOMY KapoTaXy B NaneoreHOBbIX OTNOXeHUAX:
K. kepn = 12,1%. n = 381 onpepenenunit; K o, = 13,2%. n = 69 nnac-
TOB; Ki, wnaw = 13,0%. n = 114 onpegenexui.

Fig. 2. Comparison of porosity coefficients from core, cuttings and
electric logging in Paleogene deposits: Kp. core = 12.1%. n = 381
determinations; Kp. pp = 13.2%. n = 69 layers; Kp. sludge = 13.0%.
n = 114 definitions
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Puc. 3. PacnpeaeneHne ko3apnLMEHTOB NMOPUCTOCTU, onpenereH-

HbIX MO KEPHY M 3MEKTPUYECKOMY KapoTaxy Ansi OTNOXeHWW
naneoreHoBOro Bo3pacra.

Fig. 3. Distribution of porosity coefficients determined from core and
electrical logging for Paleogene deposits.
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Puc. 4. Pe3ynkTaThbl conocraBneHus ko3 puuneHToB NOPUCTOCTH
Nno KepHy, MHAYKLIMOHHOMY U aKyCTU4YECKOMY KapoTaxaMm.
Fig. 4. Results of comparison of porosity coefficients for core, induc-
tion and acoustic logging.
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B npaBoii yactu pucyHka 1 npezicraBieHa KaBepHOrpaMMa, (hUK-
CUpYIOLIasl yBEINYEHHUE IMaMeTpa CKBaXXUHbI OTHOCUTEIbHO HOMUHAJIb-
HOTO0, YTO HECOMHEHHO Oy/IeT OKa3bIBaTh BIUSHUE HA KAYECTBO MEPBUY-
HOTO MaTepuasa aKyCTU4ecKoro kaporaxa [15, 16].

B pesynbrare conocTtaBieHus 0TMEUAETCs, YTO KOI(D(UIIMEHT o-
puctoctH, onpeaeneHHbii no AK, CylecTBEeHHO MPEBBIIAET 3HAYCHUS
k03¢ (UIeHTa TOPUCTOCTH, ONPENEICHHOTO O KePHY U MHIYKIIHOH-
HOMY KapoTa)Ky. JDTO I0-BUIUMOMY CBSI3aHO C BIMSHHMEM INIMHUCTOCTH
Ha nokazaHus AK, a Takke mo npuyuMHe HU3KOro kadectBa AK m3-3a
pa3MbiBa CTBOJIA CKBAaXKHHBI U BCIEICTBUE 3TOTO — CHJIBHOTO 3aTyXaHMUS
aKyCTHUYECKOU BOJIHBI (CM. pHC. 2).

3aknouyeHue

Ha ¢aktudeckom marepuane mokasaHa BbICOKAst CXOH-
MOCTb Pe3y/IbTaTOB ompeneacHus KodPuimeHTa moprucToCT Mo eK-
TPUYECKOMY KapoOTaxy, KEPHY U LIJIaMy B U3y4YaeMbIX OTIO0XKEHUAX Ma-
JeoreHOBOro Bo3pacta. KoapuimeHT mopuctocT, onpeaeieH bl Mo
AK, cymecTBeHHO TpEeBBIIAET 3HAUYCHUS KOA(DQHUIMEeHTa MOPUCTOCTH,
OTIPENIEIICHHOTO M0 KepHY, IUIaMy U WHAYKIIMOHHOMY KapoTaxky. ITO
CBA3aHO KaK C BIMSHUEM IIMHHUCTOCTU Ha nokazaHusi AK, Tak u BBUAY
HHU3KOTO KauecTBa MarepuasioB AK BcieacTBre pa3MbiBa CTBOJIA CKBa-
JKUHBI U B CBA3U C 3TUM — CHJIBHOTO 3aTyXaHHUsSl aKyCTUYECKON BOJIHBI.
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