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Time variation flow model of reservoir permeability based
on effective cumulative water flux
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Abstract: The permeability of high water-cut reservoirs will change during long-term water flooding. The traditional parameters
characterizing water flooding do not consider the influence of critical flow velocity when describing the time variation law of reser-
voir permeability. Therefore, the concept of effective cumulative water flux was put forward, and the critical flow velocity was used
as the velocity limit of particle migration to correct the influence of water flux on reservoir permeability to a certain extent. The
ridge evolution model of reservoir permeability changing with effective cumulative water flux was obtained by experiments and
coupled with the three-dimensional two-phase oil-water flow equation. As a result, a time variation reservoir permeability flow
model based on effective cumulative water flux was established. The results show that the permeability of the Berea core changes
greatly even at a low displacement rate under long-term water flooding, and the critical flow velocity under high multiple water
flooding (0.006 cm/s) is lower than that under normal conditions (0.015 ¢cm/s). By considering the effective cumulative water flux
of critical flow velocity to characterize the time variation characteristics of reservoir permeability, the numerical simulation results
of complex fluvial reservoir models are more consistent with the time variation characteristics of reservoir permeability caused by

microparticle migration. Therefore, the effective cumulative water flux can better describe the time variation law of reservoir perme-
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ability under the influence of critical flow velocity.

Key words: high water-cut reservoir; effective cumulative water flux; time variation permeability; critical flow velocity ; numerical

simulation
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Fig.3 Digital core results of core B3-3 before and
after water flooding

251

20

LI/ %

— K IR i

15
— KK G
10 1 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 400
k&

B4 FHilB3-3KIRAIEFLERE R R 2k
Fig.4 Change curve of porosity of core B3-3 with voxel
before and after water flooding

a.7K 3% Bif
5 FHiB3-3KIRAIFHIFLER MEIRE

Fig.5 Pore network model of core B3-3 before
and after water flooding
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Tablel Pore network model parameters of core B3-3 before and after water flooding
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Fig.6 Ridge evolution model of permeability based on effective cumulative water flux
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considering time variation of absolute permeability and
without considering time variation of reservoir properties

TR ZOR IR AR 0.6% . X % 7K 60%
If AN JE ) 1 I A2 2% S8 246 X5 128 3R IS R =
AT Z R Az il o0 A ol (0 10) - AE B IERTR T
JER AN A 2 TIR)Z O BB 84X B R
AR5, F T4 X8 15 3 B A K i 7 B2 ) 4 e
TG R, 1A IK 235 85 588 R B8 DX PR A
KA, FECE R LT AR, 1A KBRS
LU/ IN |, 380 2% T A R L AN 25 S P I AR I8 5 5
—J7 T, TR I TR, f TR E R R, I
T AE 2 i, TR A 4 0 R AR 5 7 A 7 T A £ S
SO T, AN TR E N 78 025 2 0 15 328 AR I AZ 1Y
oK H PR 22 S AR FHBOR BN

FAS [ i FT B 5 7K 3 60% i i ] 2 x 5
05 85 501 (B 11) /T L i 005 B9 /N
N 5 70 P 328 35 A Al DX 38 B i 2 3 o K
b JZEFROREAE AT A8 K bl VP sBoxd % 2 i 7%
JKCRH U 8 AR X 3 2 I Ik ], D 1 3 R



328 1M 5 ERAE BT RCR T KO B A R8RS R S A Y 169+

A AR B (R J2) b IR 4% 15 15 % I (R )

e A Yk A2 (T )2) A7 B 4 0 2 18 A ) A2 (TZ)

A/ %
24 30 40 50 60 70 78

B10 BKEH60% B REERYIER T E LIS ER
A 22 JER 0/ 9 SR i 43 7 Xof Ll
Fig.10 Comparison of remaining oil distribution at bottom
and top layers considering time variation of absolute
permeability and without considering time variation of
reservoir property when water cut is 60%
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Fig.11 Permeability distribution along x direction of intermediate layer with different critical flow velocities when water cut is 60%
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Fig.15 Permeability distribution calculated with and without considering critical flow velocities at end time
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