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AxkmyanbHocmb., HeghmsaHas npoMbILIEHHOCME passusaemcs Nymém npakmuyecko2o Hedpononb3osanus. Kak ommevarom Anekcell
Omunbeguy KoHmoposuy ¢ coasmopamu 6 npoepamMme U KOHUenyuu pa3gumusi HegpmsiHOU U 2a3080Li NpoMbiLTeRHocmu 8 Tomckol 06-
nacmu Ha 2001-2005 ee. u nepuod do 2030 2., cospeMerHasi cCmpykmypa NPO2HO3HbIX PECYPCO8 HEPMU 8 OCHOBHbIX HE(hMe2a30000bi-
sarowjux patioHax Poccuu, 8 mom yucne @ Tomckol obnacmu, makoga, Ymo 8 bnuxaliwue 200bi 6yOym OMKpbIMbI NPEUMYWECMBEHHO
MeJIKue no 3anacam U HeboMbWwoe Kou4ecmeo CPpeOHUX U KPYNHbIX MecmopoxdeHudl. [Jns 0C80eHUs MESIKUX U CPeOHUX Mecmopoxde-
HUl Heobxo0umo co30amb NPednOChbUTKU, CMUMYIUPYUUe WUPOKOEe npugieyeHue Kk Hedpononb308aHuUo 60sbLIo20 Konuyecmsa nped-
npusmud. lpednazaemas mexHomo2us Kak pa3 omgeyaem ecem npednsienseMbiM mpebosaHusm. Y camoe aiagHoe — pesynbmam 6bi-
COK020 Kayecmea docmuaaemcs npu nposedeHuu 00NOTHUMEbHbIX PACYEMO8 NepeUYHOL anpUopPHOU UHopMayuu.

Lens: uccnedosamb MeXy20mbHyH MOy U3y4aeMo20 MeCmopoXOeHuUsi Ha npedMem npucymcmeusi aHU30mpOoNuUU NPOHULaeMocmu;
onpedenums napamempbl aHU30MPONUU No yxe peanu3ogaHHoU MemoOuKe Ha selenexauiem U Huxenexawiem nnacmax 0aHHo20 Me-
cmopoxdeHus; nodeomogumsb daHHble Ons danbHeliuie2o 2e0102U4ECK020 U 2UOPOOUHaMUYECK020 MOOELUPOBaHUSI.

06bekm: Mexy20nbHasi monwa meppU2eHH020 8EPXHEIOPCKO20 nnacma. MecmopoxdeHue pacnonoxeHo 8 npedenax 3anadHol Cubu-
pu. lMpedsapumenbHoe U3yyeHue 2eono2o-2eohusuyeckoli uHghopmayuu nossonsem ¢ 6onblwoli doneli 8epOSMHOCMU paccyumbigams
Ha HeoOHOpoOHoe pacnpederneHue ceolicms Konekmopa.

Memodsi: cosdaHue nempogpusuyeckoli modenu. OHa domkHa omeeyams mpebosaHusiM kayecmsa U OOCMOBEPHO OXapakmepu308bi-
eamb cgolicmea no kepHy. B danbHeliwem npoucxodum pacyém nopucmocmu U nPoHUYaeMocmu no uHmepeanam yenegozo niacma,
npobypeHHo20 ckeaxuHamu. PacnpedeneHue csolicme no niowadu co30aém kapmy npoHuyaemocmu. B danbHeliwem sma kapma aHa-
JIU3UPYemCs ¢ NOMOWbI0 8UOO8 8EKMOPHO20 U 2padueHm aHanu3a. Pesynbmamom cryxam Habopb! 0aHHbIX 8€UYUHBI U HanpasneHus
aHuzomponuu npoHuyaemocmu. OCHOBHOE 6HUMaHUE ydensiemcs UMEHHO NPOHULAeMOCmU Nacmos-Koekmopos, mak Kak Ons pas-
pabomku u 00bbIMU 3MoOm napamemp sieIsiemcs cambiM 8axHbiM. Criedyrowuli 3man — co30aHue 0b6bEMHOU 2eonoeuyeckol modenu. B
Hel yyumbigaromes aghchekmsl HeodHopodHocmu. llocre nposepku kayecmesa co3daHusi Modenu Ha base eeonoauyeckoll Modesnu co-
30aémces eudpoduHamuyeckasi Modesb. onyyeHble pe3ynbmamsi nokasbigaom, Ymo Onis MexyaonbHol monuwu nnacma FOM, moyHo
mak xe, kak u 0nsi nnacmos 01" u K013, uenecoobpasHo ucnosb3o8ams Memoduky onpedenieHus napamempos aHu30mMPONUU NPOHUYa-
emocmu. BenuyuHa u HanpagneHue yeepeHHo udeHmucbuyupyromes u ompaxarom OOMUHUPYOWee HanpagneHue unbmpayuu yenego-
dopos.

Pesynbmambl. Xapakmepucmuku HeoOHopoOHocmu nnacma KO usyueHbl paHee onpobogaHHbIMU Memodukamu. Takum 06pasom,
cxema, ¢ noMowbio komopoli nposodusiuck pacyémsi Onsi nnacma K13, ocmaémces HeusmerHoU. BusyanbHbil aHanus nposodumcs no
NnocMpoeHHbIM po3am-Ouaepammam U pacnpdenieHusM 8enuyuH 8 hopme eucmoepamm. TeHdeHyusi ¢hopmbl obpasosanusi KOM makoea:
OpueHmauust nepgo2o Makcumyma eapbupyemcsi om 150° 0o 180°, a emopozo — om 330° do 360° cesepo-3anadHozo (1020-60CMOYHO20)
HanpagneHus.

Knioueenie cnoea:
AHU30MpONUS NPOHULUAEMoCMU, Macwmab aHu30mponuu, NempouauKa, Mmeppu2eHHbIL KOIEKMOp, MEX)Y20/IbHas Monua.

BeepeHune

BaxnocTs yBemmueHHs KO3(Q(HIMEHTa H3BICUCHUS
He()TH HEBO3MOXKHO MEPEOICHUTh. B HacTosIIee BpeMms
MPUMEHSIOTCS 04eHb 3()(HEKTHBHBIE METOIMKH MO YBEIH-
YEHHI0 He(TEOT/[aul, KOTOPhIC TOKA3BIBAIOT 3HAYUTEIb-
Heli 3¢ ¢ext. OnHaKo He Beerna ynaércs BBISBUTH Ipe-
MMYIIECTBEHHOE HATIpaBlIeHHe GUIbTpaliy (IIOUIOB Ha
PaHHHX CTamusX, Korga 3To Hambonee BakHO. Cyme-
CTBYIOILIHE METOJIbI TAKXKE MO3BOJIAIOT MOTYYUTh MO100-
HBIC JaHHbIC, OJHAKO OHM MPEIOJararoT Oonpume (u-
HAHCOBBIC 3aTpaThl. AHANH3 MEPBUYHOM TeONOro-
reou3nyeckoi HHPOPMAIIK MO3BOJISIET MONYYHTh JaH-
HBIC TI0 AHW3OTPOINH (HIBTPAIMOHHBIX CBOMCTB KOJI-
JIEKTOpa, TPOBECTH PAcUEThl M BBIABUTH JTOMHHUPYIOIICE
Hanpasienue GpuibTpamun QuonnoB. B nanpHeiineM 31o
3HAYMTENBHO o0yerayeT BIOOp HambOonee Y)PEKTHBHOM
crpareruu paspaborku. [1-19].

[IpomyKTHBHBI TOPU30HT HM3y4aeMOTO MECTOPOXKJIe-
HUsI COCTOUT U3 TPEX Mavek: HaJTyroNbHON, MEXKYTONbHON
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U TIOTYTrOMbHON. D(PQEKTH aHU30TPONUU YKE U3YUEHBI B
HaJIyTOJBHOM W TIOMyTONBHON mavkax. [l MoTHOTHI Kap-
THHBI MCCJIETIOBAHUS OCTAJIOCh M3YYHTh Hamuuue dddek-
TOB aHU30TPONNU MPOHUITAEMOCTU B Me)KyFO_HLHOﬁ TTa4yKe.
Pe3ynbpraThl HccnenoBaHuil Mo IUTacTaM IOl1 i I013
JaJIi MOJOKUTEJIbHBIC PE3YJILTATBI U TTIO3BOJIWIN )106I/ITI>-
Cs YNy4lICHUS aJanTaldd MECTOPOXKICHUS K (aKTuye-
CKUM JIaHHBIM J100bIun. TakuM 00paszom, JBe TpeTH 00b-
éMOB NPOAYKTUBHBIX IUIACTOB IPOAHATU3UPOBAHBI C 110~
3ULIUHA aHU30TPOIMUU TPOHUIIAEMOCTH. BHeIlpeHI)I 3aKOHBI
pacmpesieieHus: IPOHUIAEMOCTH B MOJIENISAX U COMOCTAB-
JeHbl TapameTpbl pa3pabOTKH HM3OTPONHBIX U AHU30-
TponHbIX Mozeneil. OcTaérest MpoaHaATM3UPOBATH TOIBKO
OIMH IIIACT (IOlM) U ONpEJICIUTh, 1ENeco00pasHo JH
NPUMEHATh (QQEKTEl aHU30TPONHHM MPOHHUIIAEMOCTH U
OyIyT 1M OHM BIHATH HA WTOTOBOE PACIpEICICHHE
cBoiicTB. [lpu ycrmemHoM Hcxoe MOCTaBICHHOM 3a1aqu
B UTOre OyZIeT MOCTPOCHA SAMHAS aHIM30TPOITHAS MOJIEb,
YUUTHIBAIONIAS BCE TIPOIYKTUBHBIC IUTACTHL.
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Kpatkuit ouepk uccnegyemoro nnacra

PacnipocTpaHeHre MeXyToNbHOM TAuKd HAOTI0MaeTCs
HE Ha Bcell Momaau MecTopoxaeHus. B HibkHEN dacTu
paspesa TOJMIa OrPaHUYMBACTCA IJIACTOM YyIiis. B ciydae
OTCYTCTBHSA YIJISL — IPOCIIOEM, COJEPKAIEM TIIMHBI U ap-
TWUIUTHL. B BepxHell yacTu Toima orpaHMYUBAETCS YI-
JUCTBIM aprUJUIMTOM BapbUPYIOLIEIiCs MOIHOCTH 10 M-
TH METPOB MIIH TJIACTOM YIS, YCIoBUA (OPMHPOBAHHUS
CaMoOil TOMNIIM XapakTepPU3YIOTCS MEIKOBOAHBIMH, MPHU-
OpexHO 3aTOIUIAEMBIMH DPABHUHHBIMH O00CTaHOBKAMHU
0Ca/IKOHAKOIUIEHHU, a TAaKXKe MEJKOBOJIHBIMU HPUIUBHO-
OTJIMBHBIMH 30HAMH.

Komextop crpaTturpadudeckoil MeXyroidbHOH pHT-
MoTonmy uaekcupyercs rmiactom 10; . B ocHOBHOM
(oH/Ie CKBaXHWH €r0 TOJIINHA BapbupyeTcs oT 1 10 6 M.
OnHaxo B ceMU CKBaKMHAX MOIHOCTD ILIACTa BapbUPyeT
ot 10 10 25 M. Ba)XHBIM MOMEHTOM SIBIISIETCS OTCYTCTBHE
3aKOHOMEPHOCTH pacTpeeieHust TomuuHbl miacta 0™
10 TUIOMIAH MECTOPOXKACHHSI. DTO, HECOMHEHHO, SBJIA-
eTcsl OCIOXKHAIOWUM (aKTOpOM IpH aHANIM3e pacrpene-
JeHus! PHIIBTPAIIMOHHBIX CBOMCTB M CO3/IaHUH 00BEMHOM
Te0JIOTHYECKOH MOJIETH TLIAcTa.

ITopoMIBEHHBII YTOIBHBIA IUIACT MEXYTOIBHOM TOJNIIY
(opMupoBaICs B TIEPHOIMYECKHU 3aTAILTHBAEMBIX TIPHOPEK-
HBIX OOJMOTUCTBIX 00J1acTAX. TOHKOCIOUCTBIH aprusLInT, 3a-
MEIIAIONINHA YTONb, CBIACTENECTBYET O MPHOPEKHO 3aTOII-
JICHHBIX PABHUHHBIX OTJIOKEHHSAX MM UX (POPMHUPOBAHHH B
YCJOBHSIX 3aCTOS.. APTHIUTUTHI OTJIaraiuch B dasy perpec-
CUU MeXyrofibHOH mauku. C TeyeHHeM BpeMeHH Habrofia-
€TCs1 YBEIIMICHHE TIECYAHOH (PPAKITIH C HAMUIIEM MPOCIIOCB
MEJIKO3CPHHCTOTO Tiecyannka. B casisu ¢ aruM mract 10,
CJIOXKEH TPEMYIIIECTBEHHO MENKO3EPHUCTBIM TIECYAHUKOM.
BosmoskHO, mporiecc (OpMUPOBaHUS MPOXOAWT B MENKO-
BOJHO! TIPWIMBHO-OTIMBHOM 30HE. B KpoBenmpHON dYacTH
TOJIIM HAOJFONACTCS TIACT YIVIS (B OONBIIMHCTBE CITy4YaeB)
JH0O YTIMCTBIA apTHIUTAT. JTO CBUIETENHCTBYET O TIOHH-
JKEHUHN TMHAMUKH IPUTMBHO-OTIIMBHBIX (a3 (pOpMUPOBAHUS
ocazikoB. Taroke MPE/ToNararTCsl MeTKOBOIHBIE 3QJIHBbI B
KauecTBe 0OCTAHOBKM HAKOIUICHHUS.

Ananu3 KpuBBIX CaMOIPOM3BOJIBHOM MONSPU3ALIH COB-
MECTHO C TUIOMIATHBIM PACTIPS/ICTICHHEM TOJIIMH TIO3BOJIAI
BBIJIEJIUTb 30HbI TPAHCIPECCHH U PErpeccuil B MENKOBOHOM
IPUIMBHO-OTIMBHOM 30He. O0NAacTH TpaHCTPecCcHii pUypo-
YeHsbI K 00J1ee TIOrpyKEHHBIM 30HaM € YBETMYEHHON MOIIHO-
CTBIO. JIOTOMHITENEHBIM (paKTOPOM HANHYHS 30H Pa3MbIBa U
TIPHIMBHO-OT/IMBHBIX TIPOLIECCOB SBISETCS HAIMYNE CKBAYKIH
B KPaeBbIX YaCTAX MJIACTA C OTCYTCTBYFOLIMM YTJIEM B KPOBJIE
miacta. Tarke BbIZIENsAETCS MOTOKOBas 30HA MPHIMBHO-
OTJIMBHBIX KAaHAIOB (30HA PYCIOBBIX 00pa30BaHMil), KOTopast
XapakTepu3yeTcs TTyOOKOH aHOMaTMel KPUBOM CamMOIpOH3-
BOJBHOH monsipu3ari. OHa uMeeT (opMy, NpHOTIKEHHYO
K MPSAMOYTONBHUKY, JIMHHS KPOBIH SBJISETCS TIOJIOTOHAKIIOH-
HOIi, a OOKOBAsI JIMHUA TIPAKTHYECKH BepTHKATIbHAS. JIMHUSA
TOZIOIIBBI HenneHTH(uIpyema [20].

MpepBapuTenbHble pacyéThbl

B miacre 10,° na HCCIIeyeMOM MECTOPOXKACHUH YKe
OBUTH BHEAPEHBI PAcUEThl aHU30TPOIHMH TIPOHHIIAEMOCTH
[21]. B Hactosmieii paboTe paccMaTpuBaeTCs BBIIIEINE-
wamui wiact K0;. HeobXomumo mpUMEHHTH TOT Xe

CaMbIil TIOAXON M OMPEJCIHUTh, €CTh JH BO3MOXHOCTH
PACIpOCTPaHUTh PAHEe HCIONB30BAHHYK) METOAHKY Ha
Jpyrue IUIacThl JaHHOTO MecTopoxkaeHus. Jlis pacuera
KapoTaxa MPOHUIIAEMOCTH HEOOXOIUMO HANTH KOppeIs-
[HOHHOE YPABHEHHE MEXKIY IPOHUIIAEMOCTBIO M TIOPHCTO-
CTBIO KepHa. AHaM3 OBLT BHIONHEH Ha ocHOBE 111 Touek
JAHHBIX TIpoHHIaeMocTr uit tacta F0;Y. TIporuuae-
MOCTb BBIYHCIIIIACH 110 ypaBHeHuto (1) (puc. 1):

k = 0,0003 - e61837¢ R = 0,906, (1)

rae K — koadduuuent nponumaemMoctu no kepHy, M/
¢ — KOO (PUIUEHT OPUCTOCTH, 1. €.

30HMPOBaHMe MeCTopoOXaeHusa

I[lepBoHauanbHOE pa3fieieHHe Ha 30HBI MPOBEACHO
QHAJIOTHYHO IIACTY 10,° [21. C. 83, 85]. Paznenenue Ha
30HBI TIPOBE/ICHO AHANOTHYHOE TIACTY 10>, Kapra u3o-
JIMHANA BEJIMYMH MPOHUIAEMOCTH OTpakeHa Ha puc. 2.
[TapameTpsl ceTKu rpuia A MOCTPOESHUs KapThl Cleay-
forue 50*50 M. Ilmact ocnoxHSETCss OTCYTCTBUEM KOJI-
JeKTOpa Ha HEKOTOPOH TepPpUTOPHH IUIONIAJH MECTO-
poxxzenus. TeM He MeHee pacué€Thl CIeayeT MPOBECTH U
ONPEACIUTh TTPUMECHUMOCTL TEXHOJIOTHH pacqéTa napa-
METPOB aHU30TPOIINY JAHHOTO TEPPUICHHOTO ILIACTa.
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Fig. 1. Permeability vs porosity for J,* formation

ITepBas npou3BOAHAs O BEAWYMHAM IPOHULAEMOCTH
MOCUMTaHa C HCIONB30BaHUEM KapThl Ha puc. 2. Tou-
HOCTb YBEJIMYMBAJIACH 3@ CUET YUETa 30HAIBHOCTH ILIACTA.
Mertoauka onpeeneHus rpaJueHTOB COCTOUT B BBHIYKC-
JIeHWH ypaBHEHUS (2):

G =VdX?+44dy?, 2
rae dX — mpupamenue no ocu X; dY — mpupamnieHue 1m0
ocu ¥, G — 3HauYeHHE TpaueHTa.

TpuroHomeTpuyeckas OKpY)XHOCTb MCIOJIB30Baach
JUIA BbIYMCIIEHUS a3UMYTOB Kaxaod Touku. Ilpu stom
UCTIONB3YeTCS JICCATHTPAIyCHBIA IIar ¢ OcpeTHEHHEM
BEJIMYUH B ero Tpenenax. B Tadn. 1 cBefeHbl BENMMUMHBI
OombLIOH M Mol TONYOCH SIUIUICA, BHIYUCIEHHbIE 10
HaMMEHBIINM KBaJpaTaM.

JomonautensHOE Tpadmueckoe MpecTaBIeHHE IIO-
JTy4YEHHBIX Pe3yJbTATOB MOKAa3aHO Ha pHC. 3. DTO TUCTO-
rpaMMa pacmpesieNieHis KOJMMYecTBa 3HAYCHUH TPpaJIueH-
TOB MPOHHIAEMOCTH (0Ch ¥) B J€CATHrpagyCHOM YIJo-
BOM Juamna3oHe (och X). 3HaueHHs a3uMYTOB Hampasie-
HUH TIPEICTABICHEI B Ta0M. 2.
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Puc. 2. Posza-ouazpamma opuenmuposku epaduennos npoHuyaemMocmu 0 30Hbl 3 N0 KepHOBbIM OAHHbIM U KApma pacnpe-

OeeHuss nNpOHUYAeMoCmy nAacma oM
Fig. 2. Rose-diagram for permeability gradients orientation within Zone 3 for J,™ formation, average permeability

distribution maps for J;* formation
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Fig. 3. Permeability gradients density function for J,™ formation

Taonuya 1. 3nauenuss OCHOBHOU U BCNOMO2AMENLHOU OCU
INIUNCA U OYEHKA AHUZOMPONUU

Tablel.  Values of the major and minor axes of the
ellipse and the anisotropy estimate
fr | Tt [Brovocmems Koxbbuen
Formation| Zone Major axis Minor axis Anisotropy
oM 1 0,0045 0,0032 1,406
] " 2 0,0040 0,0027 1,481
! 3 0,0036 0,0026 1,385

M
Tabnuua 2. 3nauenus azumyma 01s naiacma FO;

Table2.  J;M azimuth calculations
AsnmyT/Azimuth

IMnact 3oHa Tlepserit Bropoi

Formation Zone MaKCHMYM MaKCHMyM
First maximum | Second maximum

M Zone 1 170-180° 350-360°

}%A Zone2 | 150 160° 330 340°

Zone 3 160-170° 340-350°

AHanu3 meToaa pacnpefeneHns NPoCTPaHCTBEHHOM
cpeaHen NPOHULIAEMOCTH

[poBenéruble pacy€Thl MOKA3BIBAIOT IIENECO00pa3-
HOCTb pa3felieHus IUlacTa Ha TpU 30HBL. B pesynbrare
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ESTIMATION OF PERMEABILITY ANISOTROPY CALCULATION QUALITY
ON THE EXAMPLE OF A TERRIGENOUS FORMATION

Mikhail O. Korovin,
korovinmo@hw.tpu.ru

National Research Tomsk Polytechnic University,
30, Lenin avenue, Tomsk, 634050, Russia.

The relevance of the research. The oil industry is developing through practical subsoil use. As Aleksey Emilievich Kontorovich and co-
authors note in the program and concept for the development of the oil and gas industry in the Tomsk region for 2001-2005 and the period
up to 2030 — the current structure of forecast oil resources in the main oil and gas producing regions of Russia, including the Tomsk region,
is such that in the coming years, mainly small in terms of reserves and a small number of medium and large fields will be discovered. For
the development of small and medium-sized deposits, it is necessary to create prerequisites that stimulate the widespread involvement of
a large number of enterprises in subsoil use. The proposed technology just meets all the requirements. And, most importantly, a high-
quality result is achieved by additional calculations of primary a priori information.

The aim of this work is to investigate the intercoal strata of the studied field for the presence of permeability anisotropy; determine the ani-
sotropy parameters using the already implemented technique on the overlying and underlying layers of this field; prepare data for further
geological and simulation modeling.

The study object is the intercoal strata of the Upper Jurassic terrigenous formation. The deposit is located within Western Siberia. A pre-
liminary study of geological and geophysical information allows, with a high degree of probability, calculating the heterogeneous distribu-
tion of reservoir properties.

Methods: creation of a petrophysical model. It must meet the quality requirements and reliably characterize the properties of the core. La-
ter, the porosity and permeability are calculated for the intervals of the target formation drilled by the wells. The distribution of properties
over an area creates a permeability map. This map is further analyzed using vector and gradient analysis views. The result is datasets of
magnitude and direction of permeability anisotropy. The main attention is paid to the permeability of reservoirs, since this parameter is the
most important for development and production. At the next stage, specialists move on to creating a three-dimensional geological model. It
takes into account the effects of heterogeneity at the creation stage. After checking the quality of the model development, a simulation
model is created on the basis of the geological one. The obtained results show that for the intercoal strata of the J1™ formation, just like for
J1! and J+3 formations, it is advisable to use the method for determining the permeability anisotropy parameters. The magnitude and direc-
tion are confidently identified and reflect the dominant hydrocarbon filtration direction.

Results. The characteristics of the heterogeneity of the JiM formation were studied by previously tested methods. Thus, the scheme of
calculations for the J+3 reservoir remains unchanged. Visual analysis is carried out on the basis of constructed rose diagrams and distribu-
tions of values in the form of histograms. The trend of the J:™ formation form is as follows: the orientation of the first maximum varies from
150° to 180°, and the second - from 330° to 360° northwest (southeast) direction.

Key words:
Permeability anisotropy, anisotropy scale, petrophysics, terrigenous reservoir, intercoal strata.
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