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AKTyanbHOM 3agayen npu paspadboTke MECTOPOXOAEHNN HEQDTU U rasa sBnseTcd
OLleHKa CBSA3WN MeXay U3MEeHEHUAMU NiacToBOro AasneHus n Benn4nHoOn
N3BreKaemMblx 3anacoB. [1nga ee pelleHust 4acTo npuoderatoT K YNCIIEHHOMY
aHanuay cBs3aHHOM 3aga4m reoMexaHukn n onnsTpaunu.

The actual problem in the development of oil and gas fields is to assess the
relationship between changes in reservoir pressure and the amount of
recoverable reserves. To solve it, often used the numerical analysis coupled
problem of geomechanics for porous media saturated fluid

MpencTaBnsoT MHTepec rnobanbHble aHanUTUYeckne oLEeHKN 3aBUCUMOCTH
NacToBOro AaBreHNs OT HaNpsi>XeHHOro COCTOSIHUSA N 0Obema n3Bnekaembix
3anacoB, KOTOpble, Kak NoKa3aHO HUXE, MOXXHO NMOMYyYnTb C MOMOLLbIO peLleHns]
Awendu aAnsa BKNOYEHNS B YNpyron cpeae.

Was studied the global analytical estimates of reservoir pressure, depending on
the stress state and the volume of recoverable reserves, which, as shown below,
can be accessed using Eshelby solutions for inclusion in the elastic medium.




N3ameHeHne HaNpAXeHHOro COCToAHNA KOJIJ1EKTOPA Nnpm oTKka4ynBaHmMn (*)J'IIOI/I,EI,a

Changing of the collector stress state during the development of oil deposit

i Horizontal

b vertia [1na HEKOHCONMAWPOBAHHOIO NMNECYaHoOro Konnekropa
(komnaHua Shell, MekcukaHckumn 3anme),
pacnosioXeHHoro Ha rmyoéuHe 3700mM, Obino nony4eHo

aMMnpmnyeckoe CooTHoLleHne

For unconsolidated sandstone reservoir (Shell Company,
Gulf of Mexico), located at a depth of 3700 m was
obtained empirical relation

Glei(p — 0101 +A611 , Aall = Ap/2

AHaJTUTUYECKOE PEIICHHE JJIs1 IOPUCTOM CPeIbl
The analytical solution for the porous medium

- Ba-ny, Z2og-Paog
O34 O35 O35 O3
A= Ey vy Vv A, = £y vy H vy Vs B :1_£
£y 1-vpvy S £y 1-vpvy K,
Aoy, =pPAp(1-4) . Ao, =pAp(1-4,)
1-2v




CTpyKTypHasi cxema CBSA3aHHOro CUMynsiTopa

Block diagram of the coupled simulator

Cxema cBA3aHHOro reoMexaHM4eckoro v ruapoaMHaMm4yecKoro MoaenmpoBaHus
The scheme of coupled geomechanical and hydrodynamic modeling

MapoonHaMM4ecKnn cCUMynaTop
Hydrodynamic simulation

A

Ps Sp Ad
I
CBA3aHHaA rmgpoanHaMUYecKas -
reomexaHu4vyeckaa mogenb
Coupled model
AP c, €

[eomexaHU4YecKni cMMynaTop
Geomechanical simulation

P, - AaBneHune dasbl f; (pressure)
Sy - HacblleHe dasbl B; (saturation)
A¢ - nopucToCTb; (porosity)

AP — paBneHnue; (pressure increment)
G - HanpsbkeHue; (stress)
€ - aedpopmauus; (strain)
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CBA3aHHasa Moaenb HE(PTAHOIO MECTOPOXAEHUS Coupled model of oil deposit

Qﬂl stage

; First well ; : Second well ; Th|rd well

[ eomexaHnyeckaa Moenb Geomechanical model
UcxoaHble AaHHbIe ANA NOCTPOEeHUs MoAernu: MapameTpbl rMapoAMHaAMUYECKON MoAaesnu:
Input data for the model: The parameters of the hydrodynamic model:

- MHKNMHOMETPUSA CKBAXKWH; -Tun mopenun «Bopa-HedTb»;
- OTHMBKM NNACTOB; -Tun konnektopa "OanHapHasa NOPUCTOCTb;
- [eonornyeckune ropmsoHTbI; -IHTepBan BpeMeHn MmogenmpoBaHusi paspaboTku
- JInTonornyeckne xapakTepmuCcTMKM NaacTos; ¢ 10.09.2014 no 10.10.2015
- CKopocTu Vp, NNOTHOCTb M MOPUCTOCTb NOPOA, MOJly4eHHble No AaHHbiMm TUC; -fnybuHa  3aneraHuns  konnektopa 3400w,
- Ynpyrve moAynum paccinTaHHble No AaHHbIM cKopocTtei Vp. pa3mepbl Mmogenu B nriaHe 1600x1600m

Garagash I.A.,Dubovskaya A.V., Korneva D.A., Ghasemi M.F. Coupled geomechanical and fluid flow simulation of the
oil field evolution induced by reservoir production. // Proceeding of the SPE Russian Oil & GaS Exploration and 5
production, 2014, Moscow, 10p, 2014




PesynbraTbl MOAENMPOBAHUS The simulation results
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PesynbraTbl MOAENMPOBAHUS The simulation results

BnusiHne H.A4.c. nnacTa-Konnekropa Ha pe3ynkraThbl
rmapoanHaMmM4ecKoro MogenmpoBaHus

Stress state influence of collector on the result o hydrodynamic modeling

MnacroBoe gasneHune

Reservoir pressure
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Reservoir pressure, bar
MNnaacrosoe pasnenue, bap
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Bpemsa moaenmposaHus
Time

ruapoanHamuyeckas mogens (hydrodynamic model)

= CBAA3aHHAA MOAEeNb (coupled model) 7



IAnnunconganbHoe BKNtoYeHne. 3agada dwenodou

Ellipsoidal inclusion. Eshelby solution

Bocnomp3yemcs pemennem Eshelby (1957) mmg 3amaun 06 3/UTHIICONAATEHOM BKIIOYSHHN B OECKOHEUHOI
YIIPYTOIl CpeJie COITIacHO KOTOPOoMY Ae(OPMIPOBAHHOE COCTOSHIE BKIIFOUEHIA &, ONIPENEIIETCA BEIPAKEHIEM

(1)

g _8 +S 7)1?1[17)1?1’\1 ki|>

rae 83 - OIHOPOOHOC I[e(bOpMIIPOBaHHOG COCTOAHNEC CPCIOLI HA OONBIIOM YAQIICHNN OT BKITIFOYCHILA .

3ZICCB KOMIIOHCHTBI MaTpHIIbI S ikl onpeﬂemnomﬁ COOTHOIICHITAMIT
" 1
S = Q(; I+ RA+T) )

H,U:er]y—RJz-‘ (Z‘i_]) -
3 1-2v = 7 &
| il (& Q = R=——0«— s Ks B, K pa3Me-pBI IIINIICONIa B HanpaBHeHIIﬂX O0JIbIIION N MalIbIX OCCI;
87r(1 V)’ 87(1—v) }

CYMMHPOBAHNE I1I0 IMMTOBTOPAOIIINMCA HHACKCAM OTCYTCTBYCT.



nOpMCTOG arnjimnconaarnbHOE BKITKOYEHUE, HACbILWLEHHOE (*)J'I}OI/I,EI,OM

Porous ellipsoidal inclusion saturated by fluid

BripaxkeHus 1 BeIndnH /, u I, MokHO Haiitn B padote Eshelby (1957), amarprma 4, onpenensercs B
pe3yIbTaTe PEUICHIA CHCTEMBI YPaBHEHUIT
/11(‘9,2,% + ‘9;&)55- +24; (55 + 5:) = Am(gygk +Eg — 5,5,%)55-' + Qﬂm(c‘?ﬁ + 5; - 55) > (3)
e TEH30p &; CBA3aH C TEH30POM sf' COOTHOIIIEHIIEM
‘9; = S{,-‘ke‘g;‘ (4)
B BIJIE
‘95 = Ag-'ksg,gs s (5 )
3nech A, y;, A,, i, - napamerpsl Jlame BKIIIOUEHNA 1 MaTPHIIEL.

Bocnonszyemces m3nokeHHOI TeopHuel IS 3IUIMICONIAIbHON MONOCTH, 3allOJIHEHHON MOPHCTON CPEJION,
HACBIIMEHHOI (IIonaoM Mo AaBlneHneM p . J[1g (IronaIoHaCHIIEHHOI cpeabl BOCIIONL3YEeMCS OIPe IS ISIONIIMI
COOTHOMIEHIIAMI, MpemTokeHHsIMI brio (Detournay & Cheng, 1993),

Oy = AEuS, + 21,8, —aps, (6)

g

K o 2
rae o= 1—?” - mapaMeTp buo, cBA3aHHBI ¢ 00bEMHBIM MOJYNEM K, = A +3#; B YCIOBILIX JpeHaXa I 00BEMHBIM

5
MOIyYIIEM cKenera K, .
Namenenne conep:xannsa Quronia B eQHNIE o0beMa MOPUCTOil cpeibl £ CBA3aHO ¢ 00beMHOIl gedopmariieii
£, COOTHOIICHIAMHA

(p=ME&-asy)|. M=— 2 (7)
Kg+(@-9k,
31eCh ¢ - IOPUCTOCTD, v, = B Ko>d¢rent [TyaccoHa BKIIOUEHII, M - MOIYIEL buo.

2(4,+ p,)



nOpMCTOG arnjimnconaarnbHOE BKITKOYEHUE, HACbILWLEHHOE (*)J'I}OI/I,EI,OM

Porous ellipsoidal inclusion saturated by fluid

Pemenne ypapsenns (3), KOTopoe B pacCcMaTpHBaeMOM CIIydae MMeeT BIT
"1 (gkk + Skk‘rngm)a + 2#}' (‘9 + S{ frn m) (Zﬂé{[f a(gkk + Skk?n‘gm )]

s 8
= j‘m(gkk +Skkmgm gkk)5 +2zum(8 +Srm m gg.-') ( )
ITO3BOJIACT OIIPCACIINTE 3aBUCHMOCTE IIOPOBOT'O AABJICHIA OT 00BEeMa OTKa4YNBaeMor o (b.]IIOI‘L‘_Ia _{,’ B BIJIC
(P=M[¢ - a(eh+ Sumnn)] | - ©9)
PaCCMOTPHM BKIIKOUCHHNEC B BIJIC CINTIOIMCHHOT'O 3MIMHAIICOILIA C ITIOIIYOCAMHA 7, 7, H 7.

B ciy4ae 7 =7, KOMIIOHEHTHI MaTpHUEL S, (2) IPIMYT BILI

2 21
L=1=—2C larccos® - Ba-5)7 1,=ax-21, (10)
(?"2—?"2)5 " " i
3
T 3 1 47 1 47 87 8
i-'711:_2 ( ) J?r13 2 2(11__) In :_In ]33:_2—_24—— 11
n A -7 1 h 3 3 3y 3 3

Ilomaras ¢, = ¢,, , HallIeM ﬂe(bopmaum{ gl

D, +2u,)B, — B.D 2(D, + p,,)B, —2B.D,
51};:5;{2:( s +2u,)B — B, 2, el = ( M) ) (11)

2/{1??:(3‘03 +4#m) Z#m(3D3+4/um)

re
D =[A-4, +o’M + 201ty — 1,)10S8011, + Sz + Ssa) T 4,5
=[4 -4, +a’M + 204, = £4,)1(28 133 + S3z33) + A, (12)
By =[A, — 2 —&’M +2(u,, — p)|eyy +aMS, By=[A, — A —a’M +2(u, — u;))ess + @M
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3aBMCMMOCTb Hal'lpﬂ>KeHI/Il7I N NNacTOBOro AaBrneHns ot obbema n3BMeKaeMblX 3anacos

The dependence of stress and pore pressure from the volume of recoverable oil

3a7aBas 3HATEHI TAPAMETPOB 7 = 20004, v, =0.28, 41, =9-10°Ma, v, =023, s, =3-10° ITa, [$ = 0.2), BHITOTHIM

pacueT 1A HECKOIBKHX BapHaHTIOB JIUIHMIICOHIAIBLHOIO INIACTa-KOUIEKTOpa C pPasiIHYHBIMH OTHOLICHILIMU
XapaKTEPHEIX pa3sMepoB: 7 /1 =0.0625, r/r =0.125, /75 =0.1875, r,/r, =0.25.

IIyctp xommekToO dCIIONIAaracTca B VIIPYI'OM IIOIIVIIPDOCTPAHCTBE C INMOTHOCTBRO =2500k2/ A HA TIIyONHE
P

0
w (o3
7 =3000. | 11 pacTipeielieHe HauyalbHBIX AeopMarimii COOTBETCTBYET OTHOIIEHIIO ‘R =11 =0.81

033

> TAOC

HAlIPSDKCHUS o), U o, 0003HAYal0T I'OPH3OHTAIBHOE

CHKATHC N BCPTHKAIBHOC IJIMTOCTATHYUCCKOC MO4BIICHHC
COOTBETCTBCHHO.

a) 0)

®
) : /®
R, S| 810°
1.4 - //@D

1.2 //,/@)
O N2 @ | 1o |

= = = 6 7 7
0 5x10° 1x10' 1.5¢10 210’ 5x10 1x10 . 1.5x10
3 /!
AV, ar AV, m

(=}

2x10

3aBucnMOCTh Koa(duimeHTa aHOMaIbHOCTH IUTAaCTOBOIO IaBIeHN R, = p/ p, (a) I MaKCHMAalIbHOTO
KacaTeThbHOI0 HanpsKeHNA 7 (0) OT M3BIeYeHHOro o0beMa Gmonaa AV A 3JUTHIICOMIATEHOTO KOIGKTOpa C
Pa3IMIHEIMI OTHOIICHIAMH XapaKTePHBIX Pa3MepoB: 7 /7 = 0.0625 (kpmuBas 1), /7 =0.125 (kpuBas 2),
1, /7, =0.1875 (kpuBad 3). r, /1 = 0.25(kpuBasd 4)
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BbiBOAObI Conclusions

® PeuweHa 3agadva 0 HaNPs»XKeHHOM COCTOAHUM PSTIONAOHACHILEHHOIO BKITHOYEHNS B
npeaBapuTenbHO HaAMPAXXEHHOW Yrpyron cpeae.
The problem of the stress state in the saturated inclusion in the pre-stressed elastic
medium has been solved.

® BbinonHeH aHanus3 NNacTtoBoOro gaBneHns B 3aBUCUMOCTU OT HarnpsA>KeHHOro
COCTOSIHMSA N 06beMa M3BEKaeMbIX 3anacos.
Analysis of reservoir pressure, depending on the stress state and volume of
recoverable oil has been executed.

® (OTHOLlEeHMEe NNacTOBOro AaBleHNA K r’MApOoCTaTMYeCKOMY 3aBUCUT OT U3BEYEHHOTO
obbema dnonaa.
The ratio of reservoir pressure to hydrostatic pressure depends on the extracted
fluid volume.

e CKOpPOCTb YMeEHbLUEHNA OaBNeHUs 3aBUCUT OT COOTHOLLEHUS XapaKTepHbIX
pa3MepoB nsiacta-Konsekropa.
The rate of pressure reduction depends on the ratio of characteristic dimensions of
the reservoir.

e CpaBuroBble HaNpPsXXEHUST B KOSNEKTOPE YBENMYMBAKOTCA B npoLuecce pa3paboTku,
YTO MOXET Bbl3BaTb paspyLUeHne O00bIYHbIX CKBaXXWH.
Shear stress in the reservoir grows in the process of oil production, which can cause
destruction of the wells. 12



bnarogapto 3a BHUMaHue!

Thank you for attention!
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