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Biot’s consolidation with variables for influence of low-frequency vibration
stimulation on radial flow in low-permeability developed reservoir

ZHENG Li-ming, PU Chun-sheng, LI Yue-jing, XU Jia-xiang, LIU Jing

(College of Petroleum Engineering of China University of Petroleum, Qingdao 266580, China)
Abstract: The low-frequency vibration stimulation technology can improve the seepage of fluid in low-permeability reservoir,
which is rather deeper than that of the regular geotechnical formation. Few researches on the mechanisms of low-frequency
vibration on seepage in developing reservoir are available through Biot’s consolidation analysis. Changes in the seepage rate,
pore pressure and porosity in radial model under low-frequency vibration are thereby investigated. Through the Laplace
transformation and iterative elimination, a four-order differential equation with non-linear coefficients is obtained. Then, vector
splitting and matrix solution for the non-linear coefficients are done successively. Utilizing the boundary and initial conditions
in actual developed reservoirs, the approximate displacements of fluid are derived. The displacements in two cases, constant
boundary pressure or constant flow, are given. Based on the formula for rock properties in Yanchang oilfield, numerical
analysis is carried out with Durbin inverse transform and Matlab programming. Two examples, as in the medium saturated with
oil phase under different vibration frequencies and in the medium saturated with water phase, are given. The results show that
the physical properties are improved obviously by the low-frequency vibration stimulation technology. There is an optimal
frequency, 5~30 Hz under basic parameters, making the largest increase in porosity, permeability, pore pressure and seepage
velocity. The action radius is up to sixty meters, which far exceeds that of high-frequency vibration treatment. The approximate
calculation of Laplace-transform and Durbin-discrete in two-dimensional model is applicable to the wave propagation with
short duration.

Key words: low-frequency vibration stimulation; developed low-permeability reservoir; seepage change; radial model

os s  —
S ) HeWH: ERARBEEEIH (51274229); WRE QAR S
ik 5% H N 4 “ 2] \—iR Lo —
IRARBAHR /EE&*EP?’IHJT SN G H (ZR2016EEQV4): s i £ B A B WP 25 9 % 75 % 4 51 H
P — KA —EZ A0 WREES, THNHEE (16CX02020A)
WIRE R Y], RSN SR B0 WAEM: 2015-10-13

*@IfEH (E-mail: chshpu@163.com)



%4 M FRELH, &, RAURSIRIS AR B IR K28 2 & Biot [E45 /04 753
BE 1. — R RERMCRICE, ERBHREE s amiE" R, Bk N
T aE AN BRI, MU BT R i 2 B AR WV u+ V[ (u+A+a’Me-aME | = pii+ piv—

F3N 70 BRI SR R B, 0 TR Ref it
BRINIREST . BN HRRAERAT T a v, xt
BANBRIIF AR T K.

H A, 2 TG0 A LI A R A FL R A B st 2 i
WP SR S G TR BB ) S I B Y, RliE
FEFLBERE i ] fi T K 187 44 Biot I8 345 1) 77 2 (1 A7
. EIREESL, BCE RS BRI EES IR
FIRTE T2 ABFLIR R ERA AL B A 2 B AR 4R
D, WFE RSB IRE D EE SR, A,
AR N FH R S 5 8 AL R S S5 1 i B A
FH AR R, WELFEM . RAEVIEEIRES |
BALRE S ER T MEANE, FEEAER TSR
B A BRI 5 AL A R 38 P g B VA R AR ],
BHX LB BT W5 B0, S
BAEH N HAB R FLIRA BLROWALE], 24738 H
TR MBI BB ) S AR

DRI, A SC DAL AR AR AR [F) I K A R AR R Dy
fi], 7 Biot i ah i J7HE h 5l N I AGIE A ZIEIA T
BB SRS, 2 e S b 2 i B R i
FEo WIREAAED, Xk ekt (i s 5 7 FEHEAT Laplace
AR AN AT KR, 13BN H R RS IR AR
FUBRA BT AL A i LA S ALIR R 77 FLBREE AR 4
FEMCEER b, B RS RAi e, FIE IR S E B
FEIREEE RN, Gt AH AR PP AT 0 AT, 1B A
BB R AR B R

1 REERFLERN RIZREE ZhiEH1 75

FESkiE
1.1 EEnEHEIE

Bkt OFERBHRMEERABE, J5E
FAENR,, HECEENR,, WIEENH (B 1);
@FLBRA R oNIA), Bk, J A EEE A, AT AR
WA @WIGRIN %1 P R A 52 b J2 6 B 11 52 ) Ak
FHARE, BB IEATEER, A
BNEJIRERE Ay s ORI BRI AN 8 G 4R
SENEEEE. AA, SRS AETFEERRARH
WIMERIAIAS S, 2 e 1 RS AR s ®RBIER
WMAVEH NRAAREE . &R, BalEEN TS &,
HRZBFLEE. BER, EOBESNEm ®
BN T ALIUE 1438 4 S 50 RN SR A A R
(IARAL, R i B R oG T FLRR B L & ek 3,

2 FEARSTE 2 Kl A F R A2 1 FLER A T A2 ik
1%, 7E Biot i sz il 5 FE w51 N JE 3 i F3h AR

VP + pb" =V(aMe—ME) = p, (i + W/ §) +
@)W/ k(VE) =2, (k) - (1)
SEEBUE BT R AT T, ARG 5%
PR o BRI R4S P(R,,0)=P,, P(R, t)=P.,

u(R,, t)y=u,exp(iwt) ;s EMEIEIE: P(,0)=P ,
OF; on on

reERGD=2 s TER=0 0 (R, 0=
u, exp(iwt) o« XA, u, waRlAEERLRE . HAAH
MRS e NAEAIBFINAS; & TR A XS REZIK
tb (K45 B oRRMERETs pos pos p 0RG
. BAEE, ZHANTNEE, p=do; +(1-9)p,;
n NRIEREE: ¢ NEZANTRALBREE: kK N2 LN
BIEZR, L NRNEIIRREE: p, ARl AsYIE E
MM REG o, M NZFAN B T R R R
s P, PN AR A B (1 R T R £ s
uy NHTLERS ZUIHRIR: o ARSI SR MIRSIANE; O,
NI R B NI IEIAE K T

Pliso

HAN AR A
A n i R

B 1 RSUK BRI AR A TER
Fig. 1 Downhole action of low-frequency vibration stimulation
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Fig. 5 Variation of seepage versus porosity in medium
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