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Abstract: The oil recovery of a field development unit under the current technical and economic conditions is an essential indicator
for evaluating development effects and analyzing the potential for enhancing oil recovery. It is also an essential basis for scientifi-
cally formulating medium-term and long-term plans. The dynamic and static heterogeneity of oil reservoirs significantly impacts oil
recovery. The optimization of differentiated injection and production in single wells can achieve balanced injection and production in
heterogeneous oil reservoirs and enhance oil recovery. Currently, the influence of dynamic and static heterogeneity is not fully con-
sidered in the existing oil recovery prediction methods, and oil recovery is difficult to accurately predict under the different injection
and production conditions in single wells. In this paper, uncompartmentalized water-flooded oil reservoirs were taken as an ex-
ample; the main controlling factors influencing the oil recovery of water-flooded oil reservoirs were identified by the numerical
simulation technology and mathematical statistics analysis methods. The water flooding for efficiency improvement technology was
proposed based on the optimization of differentiated injection and production in single wells. The orthogonal experimental design
method was adopted, and the main dynamic and static influencing factors, economic policy limits, etc., were integrated to design
multiple groups of highly operable schemes for simulation. With the help of multi-factor nonlinear fitting means, the reservoir het-
erogeneity was fully considered to adapt to the best technical policies. Under economic condition constraints, a rapid prediction
model for the economic oil recovery of water flooding oil reservoirs was constructed based on the optimization of differentiated in-
jection and production. Field practice applications showed that this method could achieve rapid and accurate prediction of the eco-
nomic oil recovery for the differentiated injection and production development of water flooding heterogeneous oil reservoirs.

Key words: dynamic and static heterogeneity ; optimization of differentiated injection and production; economic limit; rapid predic-

tion of oil recovery ; development potential
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Tablel Value assignment for levels of orthogonal experimental design of static influencing factors

K1 11 28 750 10 5 2 0.3
K2 13 32 2200 50 15 5 0.8
K3 20 34 4000 90 25 10 1.2

HAEPEH F8 bR 9 D 2% , 15 BB AT 7K - TR 2R 52 vk
J¥ o Hor PPN TR A G 22 A 0 5h
> Vi
k,, = ‘T (1)
R, = Kpmax = Kppsnin (2)
Kk, , B m AHEEE n DA PEN TR s m
N ZREAE n KA By, AL T A m A
RN n DK 051, BN EE G PR dE bR 2 R
1 BV G R, HEE m R R A AR Fa s
A 2E 5 K, e P95 m A BRI T KE PR HE AR Y B
KAE 5 ki P50 m ARV ZR T AT 7K IEH0 46 A 1 B
/MH
X B 2R S e RO O, SR R, VR R BRE
FH 2% 2 T LU 3 45 48 b 0 SR S 3 10 52 ) K /NHE
s bR R FE 2 RN RN 2 AR A AR
JE BiER PSSR R R ARG R T
FLBREE . TR an )2 ) FLBREE RS2 i /N
HAE S5 1 1) £ B 2% D, T 52 Wi R 32 K 1 i
SRS ER A R .
R2 BESYWERESRBIGTHHEEMER

Table2 Numerical simulation results of orthogonal
experimental design for static influencing factors

) PRIELY ) ,
ALS K KT
KT KF2 K3
JEIRME RS 41.78 41.16 4222  1.07 6
LB 4151 4235 413 1.05 7
Bk 4132 4133 4251  1.19 4
M JZ B 50.93  39.01 3522 15.71 1

AR 4311 4099 41.07 2.12 3
SR B3 RN 2 4288 46.69 40.78 591 2
THBIHERE TR 4199 4225 4112 1.13 5

1.2 BEEREYHNEZHTE

B T IR I W 2% R bR 2 A0 07 35 T K S iR
FEE LI F BT, 1 A EROR 52 Mo SR A i) i 2 K]
o TSI N AR IR Y 4 BT OF 9%
&R 7~8.5 H/km?) , Ho 3¢ 1146V — BN W B
AEBCN 1.5 PV, 1 28 V> Bt 9—10 A0 N 2.3 PV,

P XU B 8 —8 HIC N 2.5 PV, I X VD T
7'—8' 7 2.8 PV, 4 HLICREAE T AMGECE G,
K AR IR Z 3G I, 533008 36.7%.37.5% .38.3% .
46.2%. [FIET, HEAT % PN DU — R P BT S 5, 5
I RCSE S 20 em*20 cmx2.2 em, 3B % Kl 4 200
mD, /KR ok 41,8, SLIRES R KM BEE T
AAEEC RGN, R AR AW = (T 1) . B H
I 000 %% B2 A A R R K 3R R R 1 3
FE R

80
60
S
~
=
3 40
E=
K
20
1 1 1 1 J
0 100 200 300 400 500

ENEE/ PV
Bl ZEAXWINFHERHEEXRHEL
Fig.1 Relationship between injection multiple and oil
recovery in laboratory experiments
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Fig.2 Relationship among injection multiple, water cut, and
oil recovery in water flooding
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Fig.3 Optimization iteration curves of water injection for
each injection well
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Fig.4 Optimization iteration curves of liquid production
volume for each production well
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Fig.6 Influence of main dynamic and static influencing factors on oil recovery of water flooding reservoir
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Fig.10 Chart of recoverable reserves of
single well at economic limit
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Table5 Well pattern densities at economic limit for different units
50 $/bbl 100 $/bbl
LB IFAHITE MM gpprba A AURRIER IRSU IR SR
Al R Aifi it/ 10° ¢ /(1 /km?) Al RefiE/10* ¢ /(1 /km?)
TEARARIXIE 4 1169 0.48 88.2 0.27 102.1
FEZRPYIX 1449 0.51 10.3 0.28 12.9
IMAERIX 1250 0.53 44.8 0.27 53.0
IARRIX 1257 0.52 343 0.27 40.3
PMATEIX 1230 0.49 78.4 0.26 93.2
LA
I —rg 1245 0.51 98.1 0.27 114.2
iy h— X 4F 5—6 1291 0.53 443 0.27 52.1
Y28 "B 1—3 1906 0.56 33.3 0.31 39.1
Y30V B 1—6 2031 0.57 26.0 0.31 30.7
YE287b "Bl d—6 1989 0.57 55.4 0.31 65.9
WX B 8 2142 0.57 20.7 0.32 24.0
BTV B 8—10 2110 0.57 58.9 0.32 68.9
=AY Y28 b — B 78 2130 0.57 50.4 0.32 60.6
WIEP B 2120 0.56 38.5 0.32 44.8
Y21 B 2152 0.56 61.7 0.32 72.7
F6 AREIRBVEELEKIKHBIKIREFT RUCERTNLGE Rt
Table6 Prediction results of economic oil recovery in different uncompartmentlized reservoirs
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