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Research on water flooding effect improved by vectorial well arrangement
for reservoirs with permeability heterogeneity in plane
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(1. Geological Science Research Institute of Shengli Oil Field for Sinopec, Dongying 257015, China;
2. Oil Field Department of Sinopec, Beijing 100029, China; 3. Shengli Oil Field for Sinopec, Dongying 257015, China)

Abstract: Permeability heterogeneity in plane is an important characteristic of fluvial facies formation. If it is developed using
conventional five-spot well arrangement with equal-well-space, the injection water often fingers along high permeability strip quickly,
which results in early water-breakthrough and quick water-cut increase for parts of the wells, while wells in relatively low
permeability strips can not be flooded effectively; water does not break through as total water-cut for a well group reaches 98 %. That
is, the reservoir can not be flooded in equilibrium, and the developing result is not good. The design formula for well space of
vectorial well arrangement for permeability heterogeneity in plane is derived based on porous flow theory. According to the well
space formula of vectorial well arrangement, the physical models are made to carry out the contrastive water flooding experiments
which are used to check the validity of vectorial well arrangement. The results indicate that the vectorial well arrangement can
improve the plane sweep factor for reservoirs with permeability heterogeneity, and raise the efficiency of injection water; moreover, it
could improve the developing effect greatly.
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Fig.1 Model chart for permeability heterogeneous in plane
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Fig.2 Sketch map of model and wells distribution

o 77k
A NI

(a) I 5 M

(b) KEIFM

B3 SEFHEL S s PN RE S PIE KIS H

Fig.3 Oil and water interface at early flooding period for
five dots well and vector network
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Fig.4 Oil and water interface at breakthrough time
for five dots well network with equal
well space and vector network
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Fig.5 Water cut vs. water-injection volume curve for

five-spot well arrangement with equal-well-space
and vectorial well arrangement
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Table 1 Experiment results for five-spot well arrangement with equal-well-space and vectorial well arrangement

) Twknity Rowxy Iveuk) W SR (IK) B4R, - 20 20,

S / min /% (BIKIFEAL D 1% /% (LR >0 +Y0. >0
5 mJEM 15 25 0.2 434 44.1 2.5 96.9 30.8

A IF 23 50 0.3 87.3 74.0 1.6 59.5 1.5
Texas: SPE Technical Publications, 1991: 211 —222.
j: > 2
4 % w

(1) BRI HEA B, St T MR I
(BB, AT 1 S iR K SRR 1 3=
LN SHTEIRE]: BR TBIERGE. HERIF
BER/NRVE P I 22 2 B, TR GBI 1) 3R 55 L LE
AR AR AT Ko

(2) TR ISR TR T U PR O
FERTF AR, KAk 1 S I W s P-4 sk
7K SR AN A1 1

(3) WREMIUL L], RSP EN]
KPP S R P mlE KRR, SEE M T A3
R AR AT R SEE PR O BOR BT
KA

2 % 3 MR

(11 BRkAE. i E AR BN SGe M. dbst: b Tk R
#t, 1993: 5—6.

[2] WALTER ROSE. Permeability Anisotropy in low
permeability formations(SPE 10810)[M]. Texas: SPE
Technical Publications, 1982: 195—201.

[31 RAMEY H J. Interference analysis for anisotropic
formations—a case history[J]. Journal of Petroleum
Technology, 1975, 27(10): 1 290—1 298.

[4] GATENS J M, LEE W J. The effects of permeability
anisotropy on the evaluation and design of hydraulic

fracture treatments and well performance(SPE 21501)[M].

EEE 134 W

2 % 3 MR

[1]  EEELL BdE, it N TRAERE M),
Jent: Bl L, 1984,

[2] WILASTEBEIFBL. JTT 026— 9072 B b ié ¥ i1 ML [S].
Jent: NRAZH HREAL, 1990: 52—56.

B1 A&k, KT, MEZ, S5 QIR KB VE
Y SN H[I]. TR TR, 2004, 12(1): 12—20.
YANG Zhi-fa, ZHANG Lu-qing, SHANG Yan-jun, et al.
Assessment of the degree of reinforcement demand (DRD)
for rock slope projects—principles and a case example

application[J]. Journal of Engineering Geology, 2004,

(6]

[7]

(8]

(]

[10]

(11]

[4]

(3]

LARRY W LAKE. The origins of anisotropy[J]. Journal
of Petroleum Technology, 1988, 40(3): 395—396.
AR, WA, Refh, AF. PR TR K T 1)
TR, A1l 2004, 25(4): 58—61.
CHANG Xue-jun, HAO Jian-ming, XIONG Wei.
Diagnosis and adjustment of edge water direction in plane
heterogeneous reservoir[J]. Acta Petrolei Sinica, 2004,
25(4): 58—61.

E5RE, T, BIROR, 55 RSB PiiE
) A BLEULT]. At 2R, 2002, 23(3): 60—64.
WANG lJia-lu, SHEN Ping-ping, LI Zhen-quan. Experi-
mental investigation of crosslink polymer plugging in
horizontal heterogeneous reservoir[J]. Acta Petrolei
Sinica, 2002, 23(3): 60—64.

BEH, Em, Ao, 1m0 o2 2 R,
MRS IT %, 2006, 33(2): 225—227.

LI Yang, WANG Duan-ping, LI Chuan-liang. Vectorial
well arrangement in anisotropic reservoirs[J]. Petroleum
Exploration and Development, 2006, 33(2): 225—227.
DAKE L P. Fundamentals of reservoir engineering[M].
[S. L.]: Elsevier Scientific Publishing Company, 1978:
107—108.

LS. WAEBWMIEM] G T EEBEE R
HiRRAL, 1999: 303.

P-4, S A T AR 44 R M. bt
AP iR, 2002: 118—119.

12(1): 12—20.

W&k, R, WATA, A5, TLORIBR K Lt 20 i )
AT I 2 vt (K BLR 5 SEER D). R M BT 27 4R,
1995,3(2): 1—11.

YANG Zhi-fa, KE Tian-he, XIAO Zhu-sheng, et al.
Theory and practiceon monitoring design for excavation
of shiplock slope at left bank of Wuqiangxi Hydreletic
Power Station[J]. Journal of Engineering Geology, 1995,
3(2): 1—11.

WL RGBSR LR 2E IS [CL 7/
Fb e BT ST T L REH T 22 JT IO 5T S 56 %1992
SEAEAR. Jbnt MG RRAL, 19931 127—136.



