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AHHOTaUUA

Pa3pa60TaHa reomexaHum4yeckKkaa mojesib y4aCctka opHoro us3 Hed)TﬂHbIX MeCTOpO)KAeHMﬁ ﬂmano-HeHeuKoro dBTOHOMHOIO
okpyra (AHAO). Mpu nocTpoeHun moaenu UCNONb30BANUCL 3aBMCUMOCTHU YNPYro-NPOYHOCTHbIX MapaMeTpoB OT MOPUCTOCTH,
nojiyyeHHble B XoAe aHann3a AaHHbIX na6opaToprlx uccnenonauuﬁ ¢M3MKO-MexaHM‘IeCKMX CBOWCTB 06pa3u.03 KepHa. Ha ocHoBe
NoJly4eHHbIX pacnpeneneuuﬁ HanpnmeHMﬁ U N1aCToBOro AaBJieHuA 6bina onpepeseHa ponyctumas nyioTHoOCTb 6yposoro pacTBopa
npu 6ypeHuu npoeK'rHoﬁ CKBaXUHbl B NPOAYKTUBHOM UHTEpBane.

Matepuanbl U MeTOAbI KnioueBble cioBa
Vicnonb3oBaHbl 3aBUCUMOCTI MeXY YPyro-NpoYHOCTHLIMM reomMexaHuyeckas mofaesb, NOPUCTOCTb, Moayb tOHra, Ko3dhhuLmneHT
XapaKTepucTMKamu 06pasiioB KepHa ¢ NopUCToCTbIO. [ NOCTpOeHUs MyaccoHa, npegenbl NPOYHOCTH, NIOTHOCTL BYpoBOro pacteopa

reoMexaHn4yecKom mogenm y4acCTKa MeCTOpPOXAeHNA B NpOrpaMmmHOM
Komnnekce RMS 13 reonornyeckon Moaenu B3aTbl CKBaXMHHbIE JaHHble
M NOBEPXHOCTU TOPNU3OHTOB N1acToB FIpO,CI,yKTVIBHOI;I TONWM, a TaKxKe
pacnpeaeneHne NnopnUCToCcTn nopoa.
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TEPMOAMHAMUYECKNX, DU3UKO-XMMUYECKUX U FEOMEXaHUYeCKNX CBONCTB HethTera3oBbix NIACTOBbIX CUCTEM ANA NOBbIWEHUA 3D heKTUBHOCTN
0CBOEHUs TPYAHOM3BNEKAEMbIX 3aMacoB yriesoaopoaos» (FMME — 2022-0008, Per. N2 HNOKTP 122022800364-6)
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Development of a geomechanical model of a site of one of the YNAO oil fields with determination
of the permissible interval of drilling mud density in the productive thickness
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Abstract

A geomechanical model of a section of one of the oil fields of the Yamalo-Nenets Autonomous Okrug (YNAO) has been developed. When constructing
the model, we used the dependences of elastic-strength parameters on porosity, obtained during the analysis of data from laboratory studies
of the physical and mechanical properties of core samples. Based on the obtained distributions of stress and formation pressure, the permissible
density of the drilling fluid was determined when drilling a design well in a productive interval/

Materials and methods Keywords
The relationships between the elastic-strength characteristics of core geomechanical model, porosity, Young’s modulus, Poisson’s ratio,
samples with porosity were used. To build a geomechanical model of compressive and tensile strength, drilling fluid density

a field site in the RMS software package, well data and the surfaces of
the horizons of productive intervals, as well as the distribution of rock
porosity, were taken from the geological model.
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CoBpemeHHble HedTAHble KOMNAHUW Bce
Gonblue yAensioT BHUMaHNe METOAaM UHTEHCH-
bukaumum ao6biun U NpodunaKkTUKe aBapuitHbIX
cutyaumii npu 6ypeHnn u paspaboTke MecTo-
poxaeHuin HedTn 1 rasa. OgHMMm U3 cnocobos
peleHns AaHHbIX 3ajay ABAAETCA CO3/aHue
reomexaHu4yecKkor MoAenu, ¢ NMOMOLbIO KOTO-
POt NOABNAETCA BOSMOXHOCTb MPOTrHO3MPOBaTh
06pyLUeHNe CTEHOK CTBOMA CKBAXMHbI U NECKO-
nposBneHus, NoAGMpaTb ONTUMaNbHYK TPaeK-
TOpUID AN BypeHUs CKBaXUH, paccynTbiBaTb
YCTOMYNBOCTb €e KOHCTPYKTUBHbIX 371EMEHTOB,
paccynTbiBaTh HanpsxeHne nephopaLnoHHbIX
OTBEPCTUI, a TaKKe MOAeNnpoBaTtb npolecc
CO3AaHNsA TpeLmH ruapopaspsbisa nnacra [1-2].

Mepea noctpoeHuem nio6oil reomexa-
HWYECKON MOAENV OAHMM W3 BaXHbIX 3Tanos
ABNAETCA HAXOXAEHWe 3aBUCUMOCTEN MeXay
YyNpyro-npoyYHOCTHbIMU U UNLTPALNOHHO-
eMKOCTHbIMM cBoiicTBammu (PEC) nopoa-Konnek-
TOPOB. 3a4acTylo NOPUCTOCTb NOPO/bI 4OCTATOY-
HO TECHO KOppenupyeT ¢ ee QU3NKO-MexaHnye-
CKMMU XxapaKTepucTukamm [3-5].

B pamKax AaHHoii paboTbl B nporpammHom
Komnnekce Reservoir Modeling System (RMS)
pa3paboTaHa reomexaHuyeckas MOAENb yyacT-
Ka opHoro u3 mecropoxgeHun AHAO. Kpome
3Toro nogo6paH ONTUManbHbIA AONYCTUMBIN
VHTepBan naotHoctu GypoBoro pacteopa Ans
HeonyweHUs 06pyLIEHN CTEHOK CTBOMA U He-
NPOU3BO/BHOTO TMAPOPa3pbiBa NNACTOB B NPO-
OYKTUBHOM WHTepBane NMPOEKTHOW BepTUKaib-
HOWM CKBaXMUHbI.

[ins noctpoeHus mogenu 6bin1 MCNonb3oBa-
Hbl KOPPEenALNOHHbIE 3aBUCUMOCTI MIOTHOCTM
HacbllLeHHOM Nopoabl U YyNPyro-npoYHOCTHbIX
napameTpoB OT MNOPWUCTOCTU, ONpeAeNneHHoM
N0 NOPO3MMETPY, NONYYEHHbIX B pe3ynbrate
aHanusza n 06paboTKM AaHHbIX NabopaTopHbIX
nccnefoBaHnin HU3NKo-MexaHN4YeCcKnx CBONCTB
06pasLoB KepHa KOMNeKTOpa WCCieayemoro
MeCTOPOXAEHNA. 3aBUCUMOCTH, KOTOPble ByAyT
MCNONb30BaHbl AN NOCTPOEHUA FreoMexaHmye-
CKOV MoZenw, NnpuBeeHbl Ha pUcyHKe 1.

AHanornyHoim obpasom Obiny mocTpoe-
Hbl W Apyrue 3aBUCMMOCTW ANA YNpPyro-npouy-
HOCTHbIX XapaKTepuUCTUK, rpaduKu KOTOPbIX
He npejcTaBneHsl B paboTe, ofHAKO WX Nu-
HeliHble (DYHKLWMU MCNONb30BANUCh NpU onpe-
LefeHnn JonycTUMOro uHTepsana 6ypoBoro
pactBopa:

1. 3aBucumocTb Koadduumenta [yaccoHa

(v, a.e.) ot nopucroctu (Kp, a.e.):

V= —0,26Kp +0,3386, npu R = 0,78, (1)

2. 3aBMCMMOCTb yrna BHYTPEHHEro TpeHus
(@, rpan) oT nopucTocTn (Kp, a.e):

g =—414K + 41,62, npuR =0,74; ()

3. 3aBucMmMoCTb Ko3(duumeHTa cuenneHus
(C, MMa) ot nopucrocTy (Kp, a.el):

=-84,14 Kp +256,npuR=091. (3)

Mpu NOCTPOEHNUM 3aBUCUMOCTEN yrna BHY-
TpeHHero TpeHus n KoadduumneHTa cuenneHus
OT MOPMCTOCTU UCNONb30BaNCs Kputepuii Kyno-
Ha-Mopa (nacnopT npoYHOCTM), XapaKTepusy-
OWUA M3MEHEHME KacaTeNlbHbIX HanpsKeHUN
OT HOPManbHbIX:

t=o,gp +C, @

rAe T — KacateNbHble HANPAKEHNsA; g, — HOP-
ManbHble HanpsxeHus [5].

BennynHbl yrna BHYTPEHHErO TPEHUS U KO-
3 duruMeHTa CuenneHns onpeaensnucb yepes

yIKe N3BECTHble 3HAYEHUA NPEeAEeNoB NPOYHOCTH
NpU CKATUM 1 PACTAKEHUN:
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=arcsin—————,
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Bce nonyyeHHble 3aBUCMMOCTU UMeIOT
npuemnemblii koaphuunent koppenauuun (R)
He HuKe 0,74, NO3TOMY BMOHE MOTYT GbITh UC-
nonb3oBaHbl fanee B pabote.

[lnAa nocTpoeHunA reomexaHn4yecKomn moaenu
B nporpamme RMS 6biin 1CMoONb30BaHbl Cleay-
foLMe faHHble:
® TpaeKTopWM 4YeTbipex MOUCKOBO-pa3Befoy-

HbIX CKBaXWH (3EHWTHbIN Yros, asumyT, riy-

6u1Ha), B npesenax KoTopbix 6bina BblgeneHa

nnowanb y4actka;
® MOPUCTOCTb NOPOJ-KOMNIEKTOPOB MPOAYK-

TUBHOrO UHTEpBana;
® [0OBEPXHOCTU MPOMbIWAEHHO-NPOAYKTUB-

HbIX NNacTOB;
®  3aBUCUMOCTM (DU3NYECKUX U YNpYyro-npoy-

HOCTHbIX XapaKTepUCTUK OT MOPUCTOCTU.

B cBA3M C OTCYTCTBMEM [aHHbIX O Bbillene-
Xalmx nopoAax Ux CpeAHAA NIOTHOCTb MO BCe-
My uHTepBany 6bina B3aTa pasHoil 2,2 r/cm’.
B T0 Bpems Kak NNOTHOCTb NPOAYKTUBHOM TON-
WM AOMKHA U3MEHATLCA MO MONYYEHHON paHee
3aKoHomepHocT (puc. 1a):

= —]8,4Kp + 2,706. @

Mocne nHTEpnonaunn NOPUCTOCTU
Ha OCHOBE CKBAXWHHbIX AaHHbIX N UCNONb3yA
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3aKOHOMEPHOCTb M3MEHEHUs MNOTHOCTU NOpo-
Abl oT nopuctocTu (7), 66110 NOCTPOEHO pacnpe-
[lefeHne NaHHOro mapameTpa B reomexaHuye-
CKOM MOAENU yyacTka mectopoxaenus (puc. 2).

[lanee ocywecTBAANOCh HAaXOXAEHWe Be-
NINYUHBI [aBNEeHUS B NNACTOBbIX YCIOBUAX
B NPOAYKTUBHOM MHTepBane. B KauyecTBe ocHoO-
Bbl OblIM 1CNONb30BAHbI JaHHbIE O NOBEPXHO-
CTV KOHTaKTa mexay HedTbio 1 Bogoi (BHK).
YCTaHOBNEHO, YTO Ha paccMaTpuMBaemom WH-
TepBajie YpOBEHb KOHTAKTA HAaxoAuTCs Ha no-
CTOAHHOI OTMeTKe B 2 536 M. Takke 6bino npu-
HATO, YTO 3HAYeHMEe HayaNbHOro AaBAeHUs
niacta Ha ypoBHe BOJOHe(TAHOro KOHTaKTa
0CTaeTcs MOCTOSAHHLIM MO BCEN ero niolaam
1 paBHO 24,5 MMa. na oTcnexnBaHua TeHAeH-
M1 U3MEHEHWS NNAcTOBOro AaB/eHUs MO BCEMY
WHTepBany rnybuHbl 3aneraHns crosna Heobxo-
MMOCTb NPOM3BECTU AeNieHre pa3pesa Ha obna-
CTV BbILLE W HIKE NOBEPXHOCTU BOAOHE(TAHOTO
KOHTaKTa, TaK Kak Tin Hacblwaowmnx Gaounios
1, COOTBETCTBEHHO, MX MNOTHOCTb pasnuyaloTcs
(anaHedTm—0,73r/cm3, ansBoasl —1,02r/cm3).
C yyetom AaHHbIx 0 BHK 1 Hacblwatowmx daou-
fax ObiM paccymTaHbl IMHERHbIe 3aBUCUMOCTU
M3MeHeHUs [aBNeHNs B NaacTax BbllWeE U HUXe
NOBEPXHOCTU KOHTaKTa (puc. 3).

[ns onpepeneHuns [ONyCTUMON MAOTHOCTM
6ypoBoro pactsopa npu GypeHun npoeKTHOM
CKBAXUHbl 1_pr B NPOAYKTUBHOW TOALLE BbIYNC-
NANUCH BEPTUKaNbHbIE U FOPU30HTaNbHbIE Ha-
npsKeHns. BepTuKanbHble HaNPAKEeHUs MOXKHO
onpenennTb U3 CNeAyLLero COOTHOWEeHUA:

oy =gl} p(2)zdz, ®)

rae g — ycKopeHue cBoboaHOro nagexus, m/c?;
z — BepTUKanbHas KOOpAMHATA, M; p(z) — 3a-
BUCUMOCTb M3MEHEHUs MIOTHOCTU NOopoabl
¢ rny6uHoit, kr/m3; h — rny6buna, ansa KoTopo
onpeaenseTca BepTvKanbHoe HanpsxeHue [6].
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Puc. 1. 3asucumocmu nnjomHocmu — a, mooyns tOHea — 6, npedesnos NPoYHOCMU npu CHamuu —
B8 U pacmsaxceHuu — 2 om nopucmocmu no AaHHbIM pe3yabmamos aHaau3a 1a6opamopHbIX
uccnedosaHuli pu3uKo-mexaHuyeckux caolicms 06pasyos kepHa meppu2eHHo20 Koaiekmopa
Fig. 1. Dependences of density — a, Young’s modulus — 6, compressive strength — 8 and tensile
strength — 2 on porosity according to the results of analysis of laboratory studies of the physico-
mechanical properties of core samples of a terrigenous reservoir
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TaK Kak BCe NepemeHHble B hopmyne n3-
BECTHbI, MOXHO paccy1tatb He06X0ANMYIO Be-
anunHy. durypupytowmnii 8 cootHoweHun (8)
MHTErpan MoXeT ObiTb peleH CyMMOii npon3Bse-
[IeHUI BbICOTbI KAXA0M COCTaBNAWOLLEN MOAENN
(6noka) Ha NAOTHOCTb. [N pelweHUs Taxkon
3aaun B RMS 6bin peanusoBaH cneyuanbHbli
anropuTM Ha BCTPOEHHOM SA3blKE Mporpam-
muposaHus IPL (International Programming
Language).

Mocne pacyeta BepTUKANbHOrO Hanpsxe-
HWS NOABMUNACH BO3MOXHOCTb HANTU 3 heKTUB-
Hble BEPTUKA/IbHbIE HaNpPAXKeEHUA:

o/ =0, P, ©
rne P — nnactoBoe fasnexune, MMa.

C nomolyblo nonyyeHHoro 3 eKTUBHOIO
BEPTUKANbHOTO HanpsXeHWs MOXHO paccyu-
TaTb €€ rOPM30HTaNbHYI0 COCTaBAOLLYIO:

2,309

O'f,/f = oﬁﬁL. (10)
1-v
N yxe Gnarofaps noayyeHHoOMy Bbllle na-
pameTpy onpejensem BeNUYVHY NONHOIO ropu-
30HTaNbHOTO HaMpPAXKEHNA:
Oy =O'Zf+P. (11
OCHOBHbIM KpUTepMeMm, MOKasblBaloLWNM
MaKCKUMasbHO JOMYCTUMYIO MAOTHOCTb 6ypoBo-
ro pacTBopa, KOTOPYI0 MOXHO 3aKayaTb B CTBON
CKBaXVHbl, ABNAETCA [aBNeHWe CaMonpowus-
BOMLHOTO TMApopa3spbiBa nnacta (aBTolPM).
Ecnu yyectb, 4to B paccmaTtpuBaemoii rpynne
nnacToB noJjie HanpAXeHU N30TPOMHO B ropu-
30HTaNbHbIM HanpaBleHUN U He MPUCYTCTBYIOT
TEKTOHMYECKMNe HarpysKu, To jasneHue asTol Pl
MOXHO BblYMCAUTL No hopmyne [7]:

Pfrac

= ZO'h—P +op (12)

rAe o, — Npejen NpoYHOCTU NOPOALI NpU pacTs-
weHuu, MMa.

[Janee cToana 3agaya onpefenntb MUHU-
ManbHoe faBneHune, Npy KOTOPOM HayMHawTCA
OCbINU 1 06Babl CTEHOK CKBAMMHbI N0 NpUYMHE
npeBbIEeHNA JONYCTUMbIX BEPTUKANbHBIX U FO-
pU30HTaNbHbIX HanpsxeHun. Cnepya nccnepo-
BaHuaM ny6aukaumin [8—10], aaHHylo xapakre-
PUCTUKY MOXHO NONYYUTb NPU yYeTe KpUtepus
paspyweHunsa KynoHa-Mopa, a Takxe pacnpege-
NEeHNA Harpy3oK Ha CTeHKax CTBO/MA CKBAMMWHbI
no cneayowmm ypaBHeHnaM:

_p-
p<ps P75 @3)
g p
rne
1+sin
%ﬂ=;—f£; 14)
—sing

Puc. 2. PacnpedeneHue nnomHocmu nopod (2/cm?) 8 3D 2eomexaHuyeckol Modesnu y4acmka MecmopoxdeHus — a

U no pazpesy ckaxduH 36R-42P — 6

Fig. 2. Distribution of rock densities (ro) in the 3D geomechanical model of the field site — a and in the section of wells 36R-42P — 6

Puc. 3. PacnpedeneHue nnacmosozo 0as/neHus 8 MOOenU Bbluie U Hudxce nosepxHocmu BHK
Fig. 3. The distribution of reservoir pressure in the model above and below the surface of the OWC
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S = 2Ctgp. 15)

KoppensaunoHHble 3aBUCUMOCTY BENUYUH,
BXOAALMX B [aHHble COOTHOLIEHMA, a TaKke
UX pacnpegeneHHbie 3D napameTpbl Gbiin no-
CTPOEHbl paHee, NO3TOMY 3HAYEHNUA MUHUMaNb-
HO AOMYCTUMbIX AABNEHWIA TaKKe MOryT ObiTb
BbIYNCNEHbI.

Ha nocnegHem 3Tane € NOMOLLbIO AaHHbIX
thopmyn 6bi1M onpeaeneHsl NNOTHOCT 6YPOBOTo
pacTtBopa, Npu KOTOPbIX AOCTUrAlTCA AONYCTU-
Mble npeaensl aasneHus astol P (16) n o6pyuie-
HUE CTEHOK OTKPbLITOro CTBO/MA CKBaMMHbI (17),
a TaKkKe aasneHue, HeobxoanMmoe Ans npenor-
BpalleHnsa NornoweHnin u npoasneHnin dnwou-
nos (18):

_ Dpac
l[)fmc gh > (16)
_5.
pw gh > (17)
_r 18)
= (

Mo pesynbTatam pacyetoB Gbin NOCTPOEH
MHTepBan npeaenos 3HayeHuin Byposoro pac-
TBOpa ANA NpeanonaraeMon NMpOeKTHOW CKBa-
KuHbl 1_pr (puc. 4).

Takum o6pasom, AONYCTUMbIA MHTEpBan
MI0THOCTU BYPOBOro pacTBOpa NEXUT B Npeae-
nax ot 1 8o 2,3 r/cm3. OTKNOHEHUs faBneHus
cTonba MuaKoctT 6ypoBoro pactBopa B MeHb-
wWyto 1 60NbLIYI0 CTOPOHbI, OTHOCUTENbHO 3HAYe-
HWW NNAcTOBOrO AaBNeHWs, BNONHE LONYCTUMbI,
TaK KaK Kawp[as CKBaXuHa Gyputcsa Ha uHAW-
BUAYaNbHOM pexume [aBneHWin, 1 NNOTHOCTb
pacTtBopa noabupaeTcs TaKkKe C Y4eTOM APYrux
hakTopoB U npoLeccoB. B Teopun cnepyet npu-
[lepXMBATLCA 3HAYEHWUI NNACTOBOrO AaBleHus
ONA nNpefoTBpaLLeHns 3arpA3HeHMn u npodu-
NAKTUKN OCNOXHEHWI, OAHAKO Ha NpaKTUKe 3T0
TPYAHOAOCTUXMMO U IKOHOMUYECKN Heleneco-
06pasHo. MocTpoeHHble B pe3ynbTate pacyetos
KpWBble AOMYCTUMbIX MIOTHOCTE 6YypoBOro pac-
TBOpa UCCNeayeMoro MHTepBana MOXHO npume-
HUTb ANs NONEBbIX PaboT Ha aHHOM 06beKTe.

Utoru

B pnaHHON paboTe anAa noctpoeHus reomexa-
HWYECKOW MOAEeNu y4yacTKa OfHOro M3 HedTa-
HbIXx MmectopoxaeHun AHAO wucnonb3oBancs
nporpammHbii Komnaekc RMS. Bbin npoBeseH
aHanu3 JaHHbIX NabopaTopHbIX UCCNeL0BaHNMI
U3MKO-MEXaHNYECKUX  CBOCTB  06pasuoB
KepHa TeppUreHHOro KoNNeKTopa W NoCcTpoeHbl
3aBUCHMMOCTU YNPYro-npoYHOCTHbIX XapaKTepu-
CTUK OT 3HAYeHUN NOPUCTOCTU, KOTOpble Gbinu
1CNo/b30BaHbl MPU NOCTPOEHUN MOAENN.

C ncnonb3oBannem kputepusa KynoHa-Mopa Ha
OCHOBE M3BECTHbIX 3HAYeHWU NpejenoB Npouy-
HOCTW NPU CXKaTUM U pacTaeHUU 6binu pac-
CYUTaHbI BENNYMHDBI Yra BHYTPEHHEro TPeHUA 1
Ko3dduuMeHTa clenneHus, Heobxoaumble ans
pacyeTa faBneHus obpylWeHUs CTEHOK CTBONA
NPOEKTUPYeMOi CKBaXWuHbl. Bbino nonyveHo
pacnpefeneHve BeAWYUHbl TOPU3OHTaNbHbIX
HanpAXeHWn U3 yCnoBMA UX U3OTPOMHOCTU.
MonyyeHo pacnpejeneHne nnacTtoBoro Aasre-
HWA B reoMexaHU4YecKon MOJEeNN Bbille N HUKe
nosepxHoctn BHK, a Takixe paccyuTaHbl Bep-
TWKanbHble W TOPU3OHTaNbHble HanpsXeHus,
HeobXxoAuMble ANs onpefeneHvs AaBneHun
Hauana obpyLeHUs CTEHOK CTBO/A CKBAMMHbI
1 HEenpou3BONbHOrO rMApPOpaspbiBa NNacTos
B NMPOAYKTMBHOM WHTepBane. bbino BbiACHEHO,
yTo AOMyCTMMAs MAOTHOCTb 6YypoBOro pacTso-
pa B MPOEKTHON CKBaXUHEe ANA NPOXOXAEHUA

NPOAYKTMBHOIO  MHTEpPBaaa  AO/KHa ObITb

011000 0 2 300 Kr/m3.

BbiBOAbI

Mo paHHbIM pe3ynbTatos aHanusa naboparop-
HbIX  WUCCNEAOBaHUN  (U3UKO-MEXaHUYECKUX
cBOMCTB 06pa3sLoB KepHa Bbinn BbIABNEHbI 3a-
KOHOMEPHOCTU UM3MEHEHUs YNpyro-npoyHocT-
HbIX MapameTpoB OT MOpPUCTOCTU. Ha ocHoBe
CKBAMMHHBIX aHHbIX (TPAEKTOpMM, NOPUCTOCTH
NPOAYKTMBHOIO WHTEPBana), NOBEPXHOCTEN ro-
PU30HTOB M3 re0NOrMYecKoi Mojenu, a Takie
MONyYeHHbIX 33aBUCUMOCTEN Gblna NocTpoeHa
reomexaHuyeckas MOAENb y4acTKa MecTo-
poxaeHus, 6narofaps KOTOPON MOMHO KOH-
TPOAMPOBATb M MPOTHO3MPOBATh MHOXKECTBO
NPOLECCOB KaK B NpeAenax CKBaMWH, TaK W B
macwrabax mecropoxpeHus. Kpome toro, no-
JY4€HO OKHO MNOTHOCTM 6BypoBOro pacTeopa,
KOTOpOE MOXET SBNATBCA pPEeKomeHAauuen K
nposeseHuio 6ypoBbix pabor.
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Results

In this work, the Roxar RMS software package was used to build a
geomechanical model of a site of one of the YNAO oil fields. Data
from laboratory studies of the physico-mechanical properties of core
samples of a terrigenous reservoir were analyzed and dependences of
elastic-strength characteristics on porosity values that were used in the
construction of the model were constructed.

Using the Coulomb-Mohr criterion, based on the known values of the
compressive and tensile strengths, the values of the angle of internal
friction and the coefficient of adhesion necessary for calculating the
collapse pressure of the walls of the trunk of the projected well were
calculated.

The distribution of the magnitude of horizontal stresses was obtained
from the condition of their isotropy. The distribution of reservoir pressure
in the geomechanical model above and below the surface of the well is
obtained, and the vertical and horizontal stresses necessary to determine
the pressures of the onset of collapse of the walls of the borehole and
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It was found out that the permissible density of drilling mud in the design
well for the passage of the productive interval should be from 1 000 to 2
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Conclusions

According to the results of the analysis of laboratory studies of the
physico-mechanical properties of core samples, patterns of changes
in elastic-strength parameters from porosity were revealed. Based
on borehole data (trajectories, porosity of the productive interval),
horizon surfaces from the geological model, as well as the obtained
dependencies, a geomechanical model of the field site was built, thanks
to which itis possible to control and predict many processes, both within
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window has been obtained, which may be a recommendation for drilling
operations.

stability prediction to avoid drilling failures.

1.

Zoback M.D. Reservoir geomechanics.
Cambridge, U.K.: Cambridge University
press, 2007. 505 p. (In Eng).

. FjearE., Holt R.M., Horsrud P., Raaen A.M.,
Risnes R. Petroleum related rock mechanics.

Amsterdam: Elsevier, 2008, 492 p. (In Eng).

. Popov S.N., Zaripov R.Sh., Parshukov A.V.

Changes in the physical and mechanical
properties of rocks of the Achimov deposits
of the Urengoy group of fields. Gas industry,
2013, issue 8, P. 45-47. (In Russ).

. Popov S.N., Kusayko A.S., Ozun I.A.

Researching of reservoir-rocks compaction
properties of oil fields, developed by

LLC “LUKOIL-KOMI”. Geology, geophysics
and development of oil and gas fields,
2016, issue 7, P. 31-35. (In Russ).

. Popov S.N., Kusayko A.S., Ozun L.A.

Researching of deformation and strength

operated by LLC “LUKOIL-KOMI”. Geology,
geophysics and development of oil and gas

552 p. (In Russ).

of the far north). Geology, geophysics and
development of oil and gas fields, 2015,
issue 6, P. 47-55. (In Russ).

. Lukin S.V., Esipov S.V., Zhukov V.V.,

Ovcharenko Yu.V., Khomutov A.Yu.,
Shevchuk T.N., Suslyakov I.V. Borehole

Oil Industry, 2016, issue 6,
P. 70-73. (In Russ).

fields, 2016, issue 9, P. 50—56. (In Russ). 9. Popov S.N., Chernyshov S.E. Development
. Kashnikov Yu.A., Ashikhmin S.G. Mechanics of a geomechanical model and
of rocks in the development of hydrocarbon determination of the drilling fluid density
deposits. Moscow: Gornaya kniga, 2019, window in the interval of Famennian
productive deposits (on the example
. Popov S.N., Mazanov S.V., Zharikov M.G. of a site of one of the Timano-Pechora
Development of geo-mechanical model oil and gas province oilfield). Geology,
for prediction of changes of fracture-pore geophysics and the development of oil
type reservoir properties during reservoir and gas fields, 2023, issue 11, P. 32-39.
pressure decrease (with the example (In Russ).
of Achimov deposits of oil and gas fields 10.Popov S.N., Chernyshov S.E. Development

of a 1D geomechanical model of a well and
determination of the recommendeddrilling
fluid density when drilling it in the
productive interval of one of the fields

of the Caspian basin. Exposition Qil Gas,
2023, issue 7, P. 50-53. (In Russ).

WH®OPMALMA Ob ABTOPAX | INFORMATION ABOUT THE AUTHORS

Nonoe Cepreit HuUKonaeBuy, /.7.H., 3aBefylLNii nabopatopueil
HehTerazoBon MexaHuKku 1 GU3MKo-XxMmun niacra,

WNHcTuTyT npo6nem HedTn 1 rasa PAH,
Mocksa, Poccus
[InA KOHTaKTOB: popov@ipng.ru

YcmanoB [iuHuc TawbynaToBuy, CTyAeHT 2-ro Kypca Maructpatypbl,
Poccuinckuil rocyaapCcTBeHHbI Fe0N0ropa3BefoyHbI YyHUBEPCUTET

umenun Cepro OpaxoHuKnase,
Mocksa, Poccua

Popov Sergey Nikolaevich, ph.d. of engineering sciences,
head of the laboratory of oil and gas mechanics and reservoir

physico-chemistry, Oil and gas research institute of RAS,

Moscow, Russia

Corresponding author: popov@ipng.ru

Usmanov Dinis Tashbulatovich, 2nd year master’s student,
Federal state budgetary tducational institution of higher education

“Sergo Ordzhonikidze Russian State University for Geological
Prospecting”, Moscow, Russia

IKCNO3NUNA HEDTb FA3 CEHTABPL 5 (106) 2024



