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Optimization model of injection—production parameters for steam
stimulation in heavy oil reservoirs of Bohai petroliferous area
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Abstract: The resource of heavy oil in Bohai petroliferous area is rich. The produced heavy oil reservoirs are mainly devel-
oped by conventional water flooding with relatively low recovery efficiency. Economic and effective development of these re-
sources has significant meaning on keeping the production of Bohai petroliferous area stable continuously. Taking typical
heavy oil reservoirs in Bohai as research object, key injection—production parameters of steam stimulation including opti-
mized fluid production rate, soak time and steam injection strength were optimized at various oil viscosities , reservoir thick-
nesses, permeabilities and water volume ratios through numerical simulation. Research results show that along with the in-
crease of formation oil viscosity, the optimal fluid production rate and steam injection strength decrease gradually and the
optimal soak time increases gradually. The optimal fluid production rate, soak time and steam injection strength increases
with the increase of reservoir thickness. Along with the increase of permeability , the optimal fluid production rate increases,
and the optimal soak time and steam injection strength decrease. Along with the increase of water volume ratio , the optimal
fluid production rate and soak time increase , and the optimal steam injection strength increases first and then decreases. Us-
ing multiple regression mathematical method, the optimization model of injection—production parameters of steam stimula-
tion was established. The calculated results of the optimization model is in consistent with that of reservoir numerical simu-
lation with an error lower than 10%.
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Fig.1  Variation of optimized fluid production rate , soak time
and steam injection strength with oil viscosity
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Fig.2  Variation of optimized fluid production rate ,soak time
and steam injection strength with
reservoir thickness
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Fig.3 Variation of fluid production rate, soak time and steam
injection strength with permeability
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Fig.4 Variation of fluid production rate, soak time and steam
injection strength with water volume ratio

S BT AN R K A OB Tl i R 2R YR A
SR HH AR B 00 T B R] P 34 o S 1 K5 080N, AR AR B
PRI B a] o MK IARAEECR 1,5,10,20 F130 B, 3
TR E L I R4 6,7,8,9 T 10 d (B 4)
W B A DR e - i ] e 7K A A 0 R n . ax
BRI R KRB RN, K R BE =4 in L 7K



23 S

5 GRS ST T DB R AT R SR A A Y 91+

1R EE, T A B ) S s R e e b 2 R g [ i
HAR P 28R A B 1 KAR o e DU A ]
VNG S W)
t.,=-0.003N"—0.225 9N +5.880 8 (D
R*=0.9919
EREE YRR BN FR T KR R
i, A ZEA BB L 28 VA R 1Y = 2K B g
T, R A R VR RGO, 28R A R R Y

=

R T 24 K AR B R, K AR BE i S K
S e R, AR 2 TR VR B A R, 2RI A SR R
FERAME /N . A AIIZE R (K 4) T LU, Y
IKARAERC R 1,5, 10,20 F130 B, Bl e e 1R
SR 918 20.5,20.9,21,20.5 F119.4 t/m., LT
TR K AR B BN e 38 , MK IR Ak ik
10 LA , BEZK AR E5 iy 38 s )N, PR 5 1 OC &R X
H

Va

S, =-0.004 2N* - 0.089 2N +20.483 (12)
R*=0.9874

2 HERSBEEEY

AR LA S R | G ZE A [ 2 B AR i
RSEMACE T CGR D) R R S B %
M ZumlA77 A5 2 [ 2R B Y 28 73 A
I S 7 W B AR P T8 R Vi B A A AR Y
B2l

v, =a,m, +a,h’+a, K +a,N° +
b, +b,h+b,K+b,N+d (13)

Lo = al/"l’nz + azh2 + a3K2 + a4N2 +

F1 TAEXEFHMFRRELERSHMALLER
Tablel  Optimization results of injection—production
parameters for steam stimulation in
different types of heavy oil reservoirs

KK B MRS N IO IR TR
EC 10° wm®  FE/(mPa-s) JEEE/m  (m’-d")  [A/d EE/(tem’)

1 6065 342 13 50 6 205

5 6065 342 13 50 7209
10 6065 342 13 75 8 21
20 6065 342 13 100 9 205
30 6065 342 13 150 10 194

0 1000 342 13 100 9 29

0 2000 342 13 150 8 27

0 4000 342 13 200 7 245

0 6000 342 13 225 6 2

0 8000 342 13 250 521

0 6065 350 13 250 2 21

0 6065 500 13 225 4 20

0 6065 1000 13 200 6 18

0 6065 2000 13 150 8 163

0 6065 3000 13 150 9 155

0 6065 342 10 150 5 155

0 6065 342 20 250 6 30

0 6065 342 30 275 7 46

0 6065 342 40 300 8 60

0 6065 342 50 350 9 4

b, +b,h+b,K+b,N+d (14)
S.=au+ah’+a,K +a,N* +
b, +b,h+b,K+b,N+d (15)

A (13)—0(15) P8 R BRI LR 2.

R2 AEEEFHBHFFRELERSBANER AP REEE

Table2  Value of coefficient in optimization model formula of injection—production parameters for steam

stimulation in different heavy oil reservoirs
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Table3  Correlation of optimization model calculation results
and numerical simulation results of injection—

production parameters in steam stimulation
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