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Figure 1 (Color online) Development history of chemical flooding.
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Figure 2 (Color online) Polymer flooding field test performance. (a) Production profile of pilot test area in sand group 1-3, Es2 formation, Shengli
oilfield [12]. (b) Comparison of daily oil production increase amplitudes in chemical flooding for layer IV1-3 vs. VII1-3, Henan oilfield [13].

22 =ZEAWK

= J0H A K H R (alkali-surfactant-polymer, ASP
IR 7E T A PR SE Atk b R R R () — b B B 4
KRR HAR, ZHABELREY . GRFRE R =
Pl 22700 B B IR R R S gk Ak . = n A IR
F= B FH HL S P A il K 5 T 5K & B AR K R
(107 mN/m&EZL). S KR 3 f R 5L
DA SR s o B 28R, AN T B A4 JE b 2 9 4 vk
(Kl3a). FRETE201H L 8OFARMIM A& 1) B It S R T iR
EACH R b 25 — RAVR VG MR~ &, Bl il
RES R T TRT R b ok i =R = N VA N E e
B, RS PRAREIE 35%, X A ASPIR (1 RIS £k 7 F $2 43t
THATEA, O PRI FEAE SR PR A5 v, 8 I o R R i
TR LR VEEN S50, S9ICERL, TR RAE
AR A BRI AR R, FRER 37520 1 B Bof 45 5
F L =08 A IRIE20 1 44E SIS AL Tk R,
222017477 & Tk 2400 J7 W, FUHF FUK IR 4 R
WE20% L _E(E3b). H201H22904EME, BTt i
ERHEREE, R TR T i e B = n A IR
IR 5 7. RN H BRI X N A % B AR S,
LK R U AR, BRI R Ik13.4%"; B 5 1
P Vh X 550 = 70 R A R R0 L A5 52 225 18 vil
IR, $2 i R IR BRI 12% (F3c). T R v FH AR
U] X T R 550 — e = A K TN, 78 s
(> 90°C)MEZEAFIKIT% I AT T RUL R I & il i
12%. 37 580 o 43 344 Ik R K B o et e A 240 J 2 i
WAL S . B 7 & R s, BER T IE R
JECRE S5 B A TR R S 59 = L B A IRIA R, N

FEA R B 4 RN 14 24.5%.

S0 A KRR D AR S| R 4R )
RO AR R LA RO AL B A B FH BL i A B
B, S UEl MR REEA KB M =c 8 &
IXEFHAR. AL, W RS TR oo 2R T P ) A
HA = T2, AR 58 N VG 3 T 7= A e 1,
TN 32 B SR N T B G T 7T, PR BeIEH &,
bt AT BEIELLA Ao BoR 4t i, A4
ST 7RI 2R

23 “ILEAK

TR IN R 78505 . sl TR
A, AR, AR B ES F3R s A AR 1
B R SCGR T MRS T R R (R ). RIE
PEFI-SR &Y — 0 A IR AR R AE TSR A 14 T A5 Re A i
IR T 5K 738 B AR R HO AR AE K AR R = AR & B AL
b, IIMTHES) T 0 2 A IRBAR I PLIEUR . 20034 1
F3H AR AR G X 6T e o — oo &2 & 3k ok 54k
B, RERWER12%~16%; L. HiE. K. K
PR K PREE I H B SR AT 3758, RUSCR-F e &
M P AT IR 16%~21%, I X F/KREE T P2l
SEHLAEIE, SRT, ER T a1,
TOuHE A IR m R CR IR SR T = e B A
0K [RIEF, A SAZ O 2570 A B R B8 3R TG PR 7R 2
TRl 5 (R aht AR AR = AT FR VR AAAL B 72, h4b, —
TCURT TSI o — M ERAMET-10 mD. REAE
75°C B AL EARET10 /L. 8RN, B4

Ers)
Ty R BN g AN R0 B A R T, i X it 28R

3419



FIESE: OG2 BRA BR AR et R LR B A2 1) S

BSERZUENG
ZHIERAITEIEANZ SUATE &R R ATt

(b)

100-w 40
by
Q 30
80

18/%

B &
e e
i F20 oy
41 #
S — )
4 6o- GaskE REERHE =
& —o—  —m—d-wrEE |49 K
BEREH
WHLRIEN,
—o— = -EmM
40 : . T - : —-0
0.0 0.2 0.4 0.6 0.8 1.0 1.2

ENFLBRIRFRE

EOELHEBERBIL
(%) B ¥ B S

35 40 45 50 55 60 16

RZBR=TUENE] RBBR=TUINE

© g4

100
- ) "'.,.00""

1% reo
2 ¢ &
i 607 %
i 8o 4t
% 50 g
* —o— it &

40- HABKE [-70

30 T T T T T T T T—-60
1989 1990 1991 1992 1993 1994 1995 1996 1997
ENFLIRIRFRE S

B3 (WM& ) = e 2 G I IR ROR. (a) = 4EW BB [fIVE N = Je il 5 &M A B2 A EE. (b) KPR =70
SR AR YRS OR . (o) AR /N IE = T8 5 A B P R R ook R B R A K AR e !

Figure 3 (Color online) ASP flooding field test performance. (a) Oil saturation distribution contrast before and after ASP injection in a three-
dimensional (3D) physical model. (b) Field-scale pilot test results of ASP flooding in Daqing oilfield [15]. (c) Variation profiles of recovery factor and
composite water cut during ASP flooding in a closely-spaced well pattern, Gudong oilfield [16].
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Table 1 Characteristics of reservoir properties and enhanced oil recovery prediction for a domestic pilot test of SP binary combination flooding [17]
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Figure 4 (Color online) Schematic diagram of microbial enhanced oil recovery process using indigenous and exogenous microbes in water-flooded

Teservoirs.
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Figure 5 (Color online) Distribution patterns of diverse residual oil types. (a) Formation mechanisms of residual oil types [30]. (b) Residual oil in
rock pores [28]. (c) Residual oil types and contents under different displacement methods [28].
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Figure 7 (Color online) Long-term conformance control technology. (a) Injection curve of ultrafine cement in a parallel dual-tube model.

(b) Schematic of the microscopic liquid-gating mechanism.
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Paths to ultimate enhanced oil recovery by chemical flooding
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Abstract: Chemical flooding remains a key technology for enhancing oil recovery in China’s medium- and high-
permeability reservoirs, playing a critical role in sustaining crude production and ensuring long-term oilfield viability.
This paper reviews the evolution of chemical flooding technologies, examines current technical bottlenecks, and outlines
a strategic framework for maximizing oil recovery. Over the past decades, substantial progress has been made, with the
polymer flooding, surfactant-polymer (SP) flooding, and alkali-surfactant-polymer flooding evolving into mature
industrial applications. However, as reservoir development advances, new challenges have emerged, including
increasing reservoir heterogeneity, complex microscopic residual oil distribution, and limitations in surfactant
adaptability. Overcoming these challenges requires a deeper understanding of fundamental mechanisms and continuous
technological innovation to further enhance recovery efficiency. Moving forward, breakthroughs in intelligent targeting,
chemical miscibility enhancement, and adaptive flow control-leveraging artificial intelligence and data-driven
optimization be essential to unlocking the full potential of chemical flooding and pushing limited enhanced oil recovery
performance toward its theoretical limits.
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