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Mechanism of enhanced oil recovery by discontinuous chemical flooding in Bohai oilfield
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Abstract: The water-flooding oilfield in Bohai Bay is dominated by the unconsolidated sandstone with high porosity and high permea-
bility. As a result, the heterogeneity is further intensified from the stage of strong injection and production in long subsection to the
high water cut stage. This leads to a series of problems, such as the difficulty in exploiting more sub-layers by water flooding and
conventional polymer flooding and continuously and effectively expanding the swept volume. According to the differences in flooding
control strength in chemical system, polymer gel, elastic dispersion fluid and polymer were defined as being of strong, medium and
weak flooding control system. Based on the dynamic change rules of flow resistance during continuous chemical flooding (continuous
injection in a single slug system), in combination with a test on the effective injection pressure of heterogeneous cores, a study was
performed on the dynamic characteristics of expanding the swept volume by discontinuous chemical flooding (hereinafter referred to
as DCF), composed of strong, medium, and weak flooding control systems. Then, the microscopic mechanism of the expanded
swept volume was revealed by microfluidic experiment. The discontinuous chemical flooding slug combined injection mode was opti-
mized by the parallel-cores flooding experiment. Finally, the feasibility of enhanced oil recovery by discontinuous chemical flooding
was verified by field tests in offshore oilfields. The results show that the total mobility of oil and water phases during the continuous
chemical flooding process is increased, the proportion of the total mobility of the high-permeability area in heterogeneous core is also
increased, and the ability of expanding swept volume is restricted. Therefore, DCF substitution model for the slug combinations of
different pharmaceutical systems can be used to effectively solve the problem of insufficient. excessive or uneven resistance increasing
capacity from single slug injection. In addition, microfluidic experiments show that the “strong-weak” and “weak-strong” combina-
tions of DCF can expand the swept volume by 29. 2% and 14. 0% as compare with the single continuous injection mode, respectively.
Core flooding experiments show that the “medium-strong-weak-strong-weak” combination of DCF has a better EOR effect and can
further improve oil recovery by 4. 41% as compared with continuous polymer flooding. Thus, it can be seen that effective control of

injection and production pressure difference and continuous expansion of microscopic heterogeneous remaining oil are the main mecha-
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nisms of EOR by non-continuous chemical flooding. The pilot test of DCF in 2 wells of BZ oilfield in Bohai Bay shows that the water

cut of the flooding response well is reduced by up to 14% , and the oil production is increased to 6. 97 X 10*t, indicating a good effect

of controlling water control and increasing oil production.

Key words: flow resistance; discontinuous chemical flooding; swept volume; injection and production pressure difference; slug combi-
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Table 1 Composition of ions in formation water

BT R/ (mg/L) | BT B/ (mg/L)
Na* 2422.13 HCO; - 392.57

K* 40.29 CO52~ 47.52
Mg?* 69. 94 1 0.36

Ca2* 191. 71 Br- 4.47

Cl- 3971.52 B~ 3.39
S0,2- 17.67
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Fig.1 Experimental flow chart
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Table 2 Experimental scheme for effective injection pressure
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Table 3 Microfluidic displacement experiment scheme
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Table 4 Optimization design experiment for combination mode of discontinuous chemical flooding system
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experiments at different stages

TEZKEK B B Z 80K B 35 %5 5000 mD /) &
O EEAREYE B EFEN 5000 mD #HiL
H ) 43 U 28 R JRE AT e W e O T i B i R
Z3Ehn, a] %k 2 000 mD 1 800 mD LA R 3. [
HRAW AWK, 3 A 2000 mD F1 800 mD .0 h
MREWE " ER KRB RS kA RBE)ZH
B Ui BT T A B AT e B SR A W B S Y 4 a3 it
WA R EWRABEL. FEATEREMNUREERE.
SCHERLO-10 105 5 45 4 3R ok 8 v O B0 500 1) 9 B T 45
RBERY MR- REDBEERESFEEGB)IZM
Ui RE BEAIG S SOIF A6 [l T 308 5 i v R s R
J2 WU AR TR A

ZERFW L T TRAEYIMIARA T 02 %
fitt J2 AR 24 BTV 52w, A G I8 35 3R X 38 ik B )
WITE R A Wy R o F2 vh 2 W 3, AE SR AK S W 5 BB R

FAXT AR DX SR 19 35 37 BHL 7 2 B B 25 I R S W)
R DLk — 22 5 R e AR A

3 AREZAL RS R R R L

3.1 HEEZENFER/NED AE

A L Al 2 IR R BT X I 1 22 )2 A T R R R
A 15 BT PR FRRAE B B A AS 18198 Ui BE 0 1 4k 2 R R 4 IR
— B MY 20 A5 A A 4 R SR R 2 A% 0 A D
ANTFVB T e Ak 2 1A 7R 3 R L )2 A7 i IR A% 2 T
PHIEB T BE Ty 0N G5 B2 ¢ 1Y) i B ZE e E AL
15 Ui E HEAT W A L RS 8 A [6] 43 i A
MR G E G R EBIESAIM)Z FIRXEL, 4%
2 HEAT 4 AUAROE AR J7 525, 10 5 VR S b
B 1) 72 £ PR A fR T R X I A 3 A P T il (L 5D, 2
7 VR R AR E A AR N B P R S T A S
s s BU 9 R 3 B A A S0 AR T

R2HMFRAN—T7F 4 LA Tl
S A T ) B[R] 2 HE A L X N A ) A B
BIE. KIKEHREWR GESIEAREGY JEAG
PE RO MG T AR A W LA B 3 2 1 S 4y HOI AR
YA 8 T Ty B I B - 455 B[] 435310 249 2 0. 018 MPa,
1505;0. 05 MPa,240s;0. 107 MPa,360s ) & 0. 244 MPa,
450s, il DL b 4 956 1 AR R D 600 s N BYTE A
FEITHZ (E 6),

FELERKKGEARSYREG A — E R
R EE A Tyl B S R LR T s O 2 2 TE
AT RN & UEA 0. 3PV BE W5 F R 4k
SETE AR A WA S0 AR S T KRS, R G A E
AREYMAEREANE S Bt E8E ARG Y6
R B AR BRME R Fr S 4 THE R B 255 T &
SHEAE B I % 2 it — 2Tt m . Ul W A S )
ROV A B A5 B 2 T A i B BELASOR . T 8 4 80 A
YRR EA R i — 25 BE T . 2 A S0EA
FE 3 VEAN AT AW RS 22 )23 96 25 1> /N J2 8 3l 1 T 7 8 1Y)
/IRyl IR B SR A A 1 Al 1 Sk A IR ]
DASRAS G 23 AR ) fif e 5 — B 2 3 BHL BB ) AN JE 5
Y BH A 77 0 35 4G In) B, SE B AN TR/ 2 A S A .
3.2 FEFNFRHEMIZSREEIIE

BT 3 v 3 4L fOW IR T 52 5 B 58 A 8] B B Y
W Ko BB AR A B (I 7)o X I K o A AT R0 A4
T KR B Bl 25% ~30% . % 224l 7 SR
B e &P e Bl N 53.3% . A s H S
B A % B2 Ak 27 9K B 2 i K T RT3k 82, 5% F 67. 3%
G300 Ll A % 2 Ak 3 2H BT B 3K SE I i T AR )
i £k [ &8 Ca) JA] L& B, K 3K B B 14 1 A s g A |



%6 W ko f S L A I B AR % S 1k AR IR R v R i R L 993
0.04 6 0.14 6
W EH . Eh W s . Eh
P 0.12 15
P la  golor 14
E ff E 0.08 | fﬁ
0.02 3 3
5 = 5 0.06 | =
feal 12 feal 12
001 0.04 |
11 0.02 11
0 0 0 i
30 90 150 210 270 330 390 450 510 570 30 90 150 210 270 330 390 450 510 570
B 8] / A A / s
(a) KRG, REVWEREAES (b) BAREWOIPV )G, BREWAEREAEN
0.20 6 0.35 6
W B .- KA W A .- Eh
s 0.30 | s
& 14 & 14
= 5 £ 5
o ‘e K P
< g 2 B
H 12 # 12
11 1
0 1)

0
30 90 150 210 270 330 390 450 510 570
I /s
(c) WA 03PV MEANBRASE , RAVWAREAEN

0 30 90 150 210 270 330 390 450 510 570
BFE] /s
(d) EA 03PV BHHABURMASE , M BIRAEAEBIEAES

BS5 AHRIENBENRIERESI0s “HHFHEFRAREINENT UL

Fig.5 The number of droplets produced at the output end every 30 seconds during the effective initiation of

pressure gradient testing,and the change curve of injection pressure
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Fig.7 Variation in the range of microfluidic displacement
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Fig.8 Microfluidic displacement characteristic curve
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Fig.9 Recognition of remaining oil in pore throat after microfluidic displacement
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