PoccuiAckuii

Hay4HbIA
$oHn

O.S. Yazovtseva PHO
R. Uzyanbaev, Yu. Poveshchenko, V. Podryga, 1. Yanglyaev, I. Gubaydullin

A parallel algorithm for solving the
piezoconductivity equation in a decomposed
macrocell with an unknown mortar boundary of a
fractured-porous reservoir

“Ufa State Petroleum Technological University
The work was supported by the Russian Science Foundation (project Ne 25-71-20005)

RuScDays 2026 September 28, 2026



Poccuiickuin
HayuYHbIA

donp

AKTYaJIbHOCTD enmn ~PH®

e 3HauuTeNIbHAs YacTh HEPTHU COCPEIOTOUCHA
B KapOOHATHBIX KOJUIEKTOPAX

e CyllleCTBEHHbIC BHIYUCIUTEIIBHBIE MOIITHOCTH

* Heo0xoauMoCTh yueTa HepeTyJISIPHBIX KYyCTOBBIX
BKJIFOYEHU CKBaKUH

The fractures

CKBaXHHBI

Well bushes

St



1+16 — MaKpOCETOYHBIE y3JIbI

© — MOTOKOBBIC JIMHUU

IToToKOBBIEC KOHTYPBI:
Jlnst y3na 1 — abedef,
Jns y3na 2 — cghijd,
s y3na 3 — thklmn,
Jns y3na 4 — lpafqm.

PHO®

Poccuiickuin

Hay4YHbIN
donpg



MaremaTrunuyeckas MoaeJlb PHO

o(p” p=S* J— o m m m m
(¢ L ) V(U g7 =0, ¢ =—q] =—pl'cA" (P - P™), (1)
5 “ Q:S::: a7 & o m m m m
@ L) L (peT) + g3 =0, ¢ ==g] ==plloAl (PT = P"), @
kmk Sm . kmk | Sm
/1: — ?'{‘J( o )& /u“, — ?’%( -W)_., (3)
41"0 Juw
E‘;j _ _k km(Sg )gradPﬂ_., Ei _ _k krw(Sw)gradPQ. (4)
y75 AL,
DS P’ oP’ oP’
Plen, PPOo0)=h, S| o L S o s
o |, ox | Nl V|

HAy4YHbIA



@ YpaBHeHHE NIbe30IPOBOXHOCTH

S, 9p,) , 5, 9ep,)

p, Ot

DIG = div(p,U )+

Po

p, Ot
1

P

+ DIG =0,

— div(p, U )+2Lx

Pw  Po

If S =8 =0.5, K:/{
K,

ypaBHeHHUE (1) mpencTaBuMo Kak

H,,

8_P —div
ot

k,(0.5) k,,w(o.S)] N 5(0( Oi(()))

( KgradP)

_I_

+qo.

(04

w

Po

0.

(0)
P

)

PoccuicKmii



PoccuicKmii

Hay4HbIA
boHp

:Pa3HocTHAs cxeMa PHO

GC (_\>\'Q B __1
k (0.5) k. (0.5
a—P—KdiV(gradP):O, sz[ o )+ '”W( )] 0.5<o( %o, aw] , (D)

ot 4, i, o Py

JINCKPETHBIN aHAJIOT:

u., —u. 1 (u. ., —u, u,—u. 1 (u, , —u, u,—u, A
ik ik K£h ( i+1k ik ik i—1k j_l_ [ ik+1 ik ik ik—1 j — F;‘k (U) — O
T

X

3neck P(t,x,y) =u(t,x,y), F, (4)— HeBs3ka Ha MAKPOCETKE.

Koad puimeHTs! 1j1s1 METO/1a IIEPEMEHHBIX HAIPaBJICHUM:

Ax — £ Bx — £ Cx — ZK Y = £ Y = £ 2K
ik ko ik~ ;2 0 ik hz > ik h2 > ik K
hx y y h



A STA
of Te

Poccuucuuu
uuuuuuu

¢0Hn

CuMBOJIbHas IPOrOHKA PHO

N,VERS\‘(

e BalaHCHOE COOTHOILEHUE: Au = Cu, +Bu,, ==k, 1=1,N-l

12
u,i=0,...,N —cerounas pyHkums

__u u u u u
llomnHoMHaIbHOE MIPEACTABICHUE: u =c, +c.mt+ce,w,+c.w+c,.w,

7T, 7T,,7C5,7C, — naBieHuUE B y3nax -4

Y p .

=cy, + ch ;7T, — MPOTOHOYHBIN KOA(PHUIIMECHT
n=1
4

L F F
F =c,, + ch ity — HEBsI3Ka

n=1




boHp

CuMBOJIbHas IPOrOHKA PHO

—s+] _ —s¢ —S
BHeIIHUE UTEpaluy Ha MAKpOCeTKe: U, = U, +OuU,.
) s s s s s _ IS
Hessi3ka Ha BHeIIHUX utepauusax:  F(u;, ,u,_, U, U, U, )= F,.

banaHCHOE COOTHOIIEHUE OCIIC JIMHEAPU3ALIUU:

s x s x s x s ¥y s ¥y s ¥y s _ s
D, ou, +(-tAou_,, +tC,ou, —tB;ou. )+ (—tAou, , +7Cou, —tB;ou; ) =0-7F,.

NJIN

_ X X _ X _ Y Yy . Y — — S
D, + (14, +7Cv, =By, )+ (—tAv,  +7Cov, —TByv, )= 0-1F,,

rme v=o0ou’

Poccu
HayuH

MMMMM
bIA



Poccu
Hayu4H
boHp

¢ CHMBOJIbHaSl MIPOTrOHKA PHO
% BHYTpeHHHE TEPaMK HAa MUKPOCETKE: V =y 4 ov,

—_ v v
Ine v=c,+ ch T,
n=1

HeBsA3ka Ha BHYTPEHHUX UTEPALUSIX:

MMMMM
bIA

_ . x x . x . y y . % s _
G, =D,v, +(-t4dv, ,, +7tCv, —tB,v. )+ (-t4dv, +7Cv, —TB;v, )+7F, =0.

MeTtoa mepeMEeHHBIX HAIIPaBICHUN

5\77’4—1 .
. ik —r+l x o—r+l x o—r+l x o—r+l\ __ r
ITo Ox: —+D,v,"” +(-tdov., +7Cov, —tBov.,,)=0-G,.

T

5—r+2
Vl'k r+2 —r+2

— . y yor+2 yore2y — 0l
+D, v, +(—td; v, +1Cv, B v, 1)=0-G,".

ITo Oy:

r+l1

r

7' — WUTEPALMOHHBIN MapameTp



PHO®

Poccuiickuin
Hay4HbIA

boHp

Pmpl—l,mpZJrl A Pmpl,mp2+1 — P mpl | 1,mp2 |1 (line mp2—|—1)

----------------

Pmpi-1,mp2 < Pmpi,mp2 < P mpi+1,mp2 (line mp2)

......................

Pmpl-l,mp2-1 < Pmpl,mp2-1 — P mpl-+1,mp2-1 (line mp2-1)

Pmpl—l,mp2+1

!

P mpl-1,.mp2

!

Pmpl-l,mp2-1

Pmpl,mp2—|—1

!

Pmpl,mpZ

!

P mpl.mp2-1

Pmp1+1,mp2+1

!

P mpl+1,mp2

!

Pmpl—l—l,mp2-1

column mpl-1

column mpl

column mpl-+1

i [
[ [
[ [
| PR . Y IR 3
' '
' !
- L ' ------- l----
[ [ [ [ [
' ! ! ! !

' 1 [ [ [
------------ feccccopocsccaqecccccgeccscoshocccssspoecccsocccccpecsassagecasccagecccce
' ! [ [ !

' ! [ [ [

1 1 L 1 1




A STy
of Te

7
v

| (— 1000x1000 cells |

1| — 20000x20000 cells
| \--- ideal speedup Py

10000x10000 cells

1x1 1x2 2x2 2x4 4x4 4x8 8x8 8x16

Processes

Efficiency, %

- IlapajieJIbHBIH AJITOPHTM PHO

100 |

o))
)

N
)

0

Poccuiickuin
Hayu4HbIA
boHp

— 1000x1000 cells
10000x10000 cells

— 20000x20000 cells

1x1 1x2 2x2 2x4 4x4 4x8 8x8 8x16
Processes



@ TecToBas 3aga4a. Pacnpenesienue PHO [ ==
W™ maBJICHHSA

Pressure in the fractures Pressure in the matrix

. ~ [13-107

y

0 | | 107
0 X 1 0 X 1

P =P, =10" Tla P,=2-10"Ila B =3-10"Ila

1

Pressure

0



@ TecToBas 3anaua. Pacnpeneiienue PH® | ==
ST maBJIeHHUS]

Pressure in the fractures Pressure in the matrix 3.50-107

1 1

Pressure

0 . . . | 0
0 X 1 0 X 1

P =P =P, =P, =3.5-10' IIa

3.45-107



A STqy
o Te
L ] L
> 7z
m 8
& L
o w
o (-3
w
=
™ I
c
2
% N
»
& y.\'
Cl~/ O
NoLoG

A parallel algorithm for solving the piezoconductivity
equation in a decomposed macrocell with an unknown
mortar boundary of a fractured-porous reservoir
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