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3D numerical simulation of streaming potential in water-flooded
reservoir for oil-water front prediction

BU Ya-hui, YAO Jun, LI Ai-fen, LIU Jun-rong, YU Wei-qiang

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract: Based on the fundamental principles of streaming potential of fluid flow in oil reservoirs, a 3D numerical model in
coupling hydraulic and electrical flows with two phases (oil and water) was developed and solved by a finite differential
method. A simplified model with one injector and one producer to simulate a quarter of a five point well pattern was studied
and the distribution of the streaming potential during water flooding was calculated using field and experimental data. The re-
sults show that the moving front of oil-water is in accordance with the peak of the streaming potential towards the production
well, and the potential around the production wellbore increases gradually, but a sharp variation occurs when the oil-water
front reaches to a certain range (i.e. about 75 m from the producer wellbore). Therefore, this phenomenon can be used as
an indication for the early prediction of the coming of injected water front. The encroachment of injected water along high per-
meability zones is remarkable in comparison with that in low permeability zones, and the subsequent difference in streaming
potential is 5—15 mV, which can be used to identify reservoir heterogeneity and non-uniform water front.
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Fig.1 Sketch map of streaming current and

conduct current
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distribution plot in x—y plane
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Fig.6 Electrical potential and oil saturation distribution plot along I1-P1 diagonal section
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Fig.7 Electrical potential distribution along borehole wall
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THIGZENE T [, 3 150 m I B A8 TP F AR 7E -
10 mV , UK ATEALLT P1 LY 10 m B IF4R BT
XFF PLE AR AT LA G PR AFAE O mV S
75 m i HL LR A SR AR 6 I a2 7 R
{18 PR 32 800 S A ) i S A7 B S S 7K T2 1
P, ARG SCHR [ 8 ], T i S 00 A B S5 IR 7 AL RS

0.1 mV, BINZAF 5 Z T B9 #4700 {ELAS AT g,
PLZAE P WrAR 1540045 2R A T B 25 2 107 m,
BIMELL S mV 95 %R B UL REAS 1K ) 48 m, BEH
OT R BRE  HA JE BEE N K R k7 Y BE
1o VAEATGE B R Y B R X AR
K AT ZHs S B N S 2 B 25l 2 I kY
LR AT A S BHAS A T

3 FHigKREW

(1) fey HLASE R B Sl 7K o7 B R 1 A K
li A = A , A 7 R L A a2 A /s Tl K i %
BEAE 75 m iERIVRT R DA . o d B g )
KRR RE ST

(2)EAIKUTE S B R PO AT B2 5 DR 8
A HAL 52 KR Z2 52 5 mV, 2B PR
A ZE52Y 15 mV o KAE H BUE =B 2 P (e
JIT LA I BEA B Y 220 BRI a0 mT DLV =
JEA5 BTt B ATK AN )

(3) 7K B 2 B T A 7 O LA e 1 5
W, — 07 T2 T R R AN B 1] A 7 IR,
— 77 THD PR Ay A T R T BE A, F R A



- 86 -

T E G HKFEFIR(EARFFM)

2014 2 A

AR T LURHJR5 8 0N = O K
Jo 2 S YT S 5 1227579 B L T AT PR AOR

SE

(1]

(2]

(3]

(4]

(5]

(6]

[7]

Wy, 2k A ORI, 45 9l T A B e sh g
BGWIE[T]. PRS2 ,2005,20(4) :1140-1144.
YANG Chun-mei, LI Hong-qi, LU Da-wei, et al. Elec-
trokinetic phenomena in oilfield development [ J]. Pro-
gress in Geophysics,2005,20(4) :1140-1144.

SR C LB 3 7 N N YA B R G ER DAE S P AR B3
R, TR HBRELF A, 2008, 38(5) :887-
891.

NIU Jian-jun, ZHANG Xiao-pei, DU Li-zhi. The poten-
tial monitoring technique during inject steam to drive
thick oil[ J]. Journal of Jilin University( Earth Science E-
dition) ,2008,38(5) :887-891.

T WL O R B M. ARE AR A
2002.

MITCHELL J K. Conduction phenomena: from theory to
geotechnical practice [ J]. Geotechnique, 1991,3 (3):
299-340.

GUICHET X, JOUNIAUX L, POZZI J P. Streaming po-
tential of a sand column in partial saturation conditions
[J]. Journal of Geophysical Research, 2003,108 (B3) :
2141.

REVIL A, LINDE N, CEREPI A, et al. Electrokinetic
coupling in unsaturated porous media [ J ]. Journal of
Colloid and Interface Science,2007,313(1) :315-327.
GLOVER P W J, NICHOLAS D. Streaming potential cou-
pling coefficient of quartz glass bead packs: dependence on

grain diameter, pore size, and pore throat radius [ J]. Ge-

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ophysics, 2010,75(6) :F225-241.
ALLEGRE V, JOUNIAUX L,LEHMANN F, et al. Stream-
ing potential dependence on water-content in Fontainebleau
sand [J].2010,182.1248-1266.
VINOGRADOV J, JACKSON M D. Multiphase streaming
potential in sandstones saturated with gas/brine and oil/
brine during drainage and imbibition[ J]. Geophys Res
Lett,2011,38(1) :L01301.
WURMSTICH B, MORGAN F D. Modeling of streaming
potential responses caused by oil well pumping [ J]. Ge-
ophysics, 1994 ,59(1) .46-56.
CHEN M Y, RAGHURAMAN B, BRYANT I D. Stream-
ing potential applications in oil fields[ R]. SPE 102106,
2006.
SAUNDERS J H, JACKSON M D, PAIN C C. Fluid
flow monitoring in oilfields using downhole measure-
ments of electrokinetic potential [ J]. Geophysics,
2008,73(5) : E165-180.
JACKSON M D, GUIAMALI M Y. Real-time measure-
ments of spontaneous potential for inflow monitoring in
intelligent wells[ R]. SPE 135146, 2010.
X HE . EOR JFUBML[ M. 7R 8 A il R 2% 1 WA,
2000.
FITTERMAN D V. Electrokinetic and magnetic anoma-
lies associated with dilatant regions in a layered earth
[J]. J Geophys Res, 1978,83.5293-5928.
SILL W R. Self-potential modeling from primary flows
[J]. Geophysics, 1983,48(1) :73-46.
SEIE. TR EEITAIM]. 2 . JEaT LK
Tolk i R4t 2010.
(h# FEF)



