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Progress in enhanced oil recovery technologies through chemical
flooding in high—temperature and high—salinity
reservoirs in Shengli Oilfield

YUAN Fuqing, YU Qun,CHEN Xingfeng, GUO Shufeng,ZHAO Fangjian, XU Hui, LI Feifei
(Exploration and Development Research Institute, Shengli Oilfield Company, SINOPEC,
Dongying City, Shandong Province, 257015, China)

Abstract: Shengli Oilfield has abundant chemical flooding resources. However, the implementation of chemical flooding technolo-
gies is difficult due to strong reservoir heterogeneity, high reservoir temperature, high formation water mineralization, high cal-
cium and magnesium ion content, and high crude oil viscosity. After years of research and development, the theory of chemical
flooding for high-temperature and high-salinity reservoirs has been established, forming a series of chemical flooding technologies
such as polymer flooding, alkali-free binary compound flooding, heterogeneous compound flooding, and viscosity-reducing com-
pound flooding. These technologies have significantly enhanced oil recovery in reservoirs with a formation temperature of 85 °C, a
formation water mineralization of 30 000 mg/L, a calcium and magnesium ion concentration of 1 500 mg/L, and a crude oil viscos-
ity of 1 000 mPa-s. In terms of basic theory, the mechanism of heterogeneous compound flooding was elucidated with “deforma-

tion passage, fluid flow diversion, balanced displacement, and coordinated transfer and washing” to enhance oil recovery, and an
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essential understanding of “simultaneously increasing viscosity and elasticity” and “significantly reducing adhesion work” was ob-
tained during chemical flooding in high-viscosity reservoirs. In terms of technical application, in response to the technical difficul-
ties of significantly enhancing oil recovery in offshore oilfields, an efficient binary compound oil displacement system was con-
structed, and a fully enclosed injection process was designed, forming a binary compound flooding technology for offshore oil-
fields. For reservoirs after polymer flooding and high-temperature and high-salinity reservoirs, a viscoelastic particle oil displace-
ment agents were invented, and a heterogeneous compound flooding system was constructed. In addition, heterogeneous compound
flooding technology was developed. For high-viscosity reservoirs, highly viscoelastic polymers and efficient surfactants were devel-
oped, and a viscosity-reducing compound flooding system was constructed, forming an alkali-free binary compound flooding tech-
nology. As of October 2023, the chemical flooding technologies have achieved the produced geological petroleum reserve of 6.3 x
10° t, an accumulated oil production of 7 701 x 10* t, and an accumulated oil increase of 3 604 x 10* t for high-temperature and
high-salinity reservoirs in Shengli Oilfield, providing significant support for the sustained and high-quality development.

Key words: chemical flooding; binary compound flooding for offshore oilfields ; heterogeneous compound flooding ; chemical flood-

ing in high-viscosity reservoirs; Shengli Oilfield

JHE A 5 5 A2 KA i 1 i e 24 Oy 21.86%
10, IR FEH . o T2 63 Bt om T g i
T B R K AR B B R T B e D R
J o A R, S Ak 2R IROE R . 20 128 90 41T,
Z K E bR AT A R T T Al AT HERRGT , D8 R
MRS AT A2z ok . 2ead fERDLAR A0 TAE S
WEOWESE Q1A T TR R TR AL 2E IR RS TR
TREYIK T e UK AR A IR
B AWK IRE R R, o T 42 5N
85 °C M2 /K # AL JE 4 30 000 mg/L 455 55 1 i i
WA 1500 mg/L b2 3% 1 000 mPa-s DL
VA Y 8 K T B R e SR R A L R 2R 2023 4F 10
A, R 3 H b 2 3% E 3l A 30 M 5 6 2o 6.3
10°t, 27l &l 7 701x10%t, BB B &2
3 604x10%t, ik 2 Il FH R B 42 R R OCR 1Y 1
FARZ 1

R K Ji: 1] 3 FE A 2 0K T I 2 R e b i e L
T R M2 KA AR B T R D ARk R PR
FE 8 T SRy 220 A T 25 18 R T v Ui v 3k i e 2
IR BRIE , B0 iR R R R R AL 2 IR AR X R R Bk
I3 F TS 2 v LA AR DR B E SRR R K 4
HAETRZERE X,

1 iR i b Y- S Bl e

PO SER7//LIERIIE EISS)ri e i LIPS Pl
A5 BB B IR AT K T A Z2 LA b
B K AL Mk H BB 22 TE iz B2 1 Rl 3 UKL 4K 3k 7
(PPG) , Bl T AR AR & e i SRR Tk, 487
T AR S IR R R AL
1.1 EHHEEARES R EINE

e GEARAR B IN A, KT 1/3 £LE AR B W

WURLAE FLIGE b ZE A B %€, oz #80. PPG H-HEN
PERURL , AR Z LA TP 32 B RRAE LA R SR T LR
RAFRAMF . BT HIS T 5 LA R’ T
XM A IR B R OGP

Bt R 40 mmx40 mm 1 B 5 Z1) b
AR TR B2 S5 4R AN K, B 0.15 mL/min AY7EA
R T N R MR B Ol 2 000 mg/L Y Y (4 PPG & 7F
W, WLE2 PPG 7EFLIE HH Z B4R ME . SE B0 45 5 (&
1,[&2) &M, PPG i EA S & b i Se e FLIEAb B3,
T OZAN R 1R s S R e B — e R EE R, PPG
A 8 1 FLME 5 BUR IR sl 25 B AR AL, 70
LRI AR B R AR, DT SR b -
UK S5 R A

WA s AR E A KR R A R
TR I e T, AT A Rk AR S T . EE R
FHEA N 2.5 cm KR 30 cm BB R 051 4 1.0 F
5.0 D WAV AP R AL AT T AR YA A SRR 1 BT
RE A ssas . mIE 3T LLAE W R A R E
¥ Re 1A B, R 27K BR B B AR R 25 v AR
VI E AR RIS, & ARB 3 1 2 T
U RB B W W B T R SR IR B L 3R
BIAH 5 A 3K AR 2 X 3 KA 38 4 10 D AR Ry
SEATR, AR T WO A R A RO T R AR B B
B SIS B R R R

W HE % R 104 mmx75 mmx4.5 mm (¥ A]
PACIERP B AR BB EA TR0 23R 44 X8, 5
KB BRI BB RH2E N 2.9, WETEA
i B PPG ZEBL AL ) o A . SR A IR (K 4) %
WY AR, PPG FEIE Y BT 45 B I 4 1)
AT HESE . TE AR, PPG AL SEHE A BB 3 K0,
Bt VA BN, PPG 75 51835 2k A FLIGE Ak 2T
B sh B 3K, S 80U SRR AR B AW



B3 A5

JUAR A A o e

SRV A7 DR = R R AR T e -201-

a 27 3 fL

b AR

cJBRIME

B 1 PPGiFENTEREFLMRAHERIZB R

Fig.1 Accumulation and migration effect of PPG during injection at pore throat

1 1
0 2.0 4.0 6.0 8.0 10.0
HEANE/PV

B2 PPGEZILNBHENENIER L&
Fig.2 Pressure transmission curve of PPG during
injection in porous media

i1+ PPG A —E M, MRS T 2 — e
JERE BT PPG BEA% AR T8 B ALk AR TR
R, BT AR, PPG AW iE o 3% 2E- % T
AR AL Y SRR AR 3 A Tl T
HHE YU AR, (8 PPG Be8 5 345 Mok
PN & TR | 5251y s

POk AR A IR R R PPG R &
) R T TG T SR A A o Pl T A A B L S 6 4
AL, BA Y IR G R mEER IR R A IR E R
WK RA YR PPG K R AW UK 5 A 4 AR 2
A 9K 4 Ay 2 HR R IR B 43 R 0.65%

100

—— REEE

I
I
80 | —e— WIBEE
:
o 1
< 60 :
M 1
540 :
1
1
:
1
20 ; I
I
[ & 1 J
0 1.0 2.0 3.0 4.0
VEATR/PV

B3 REYREREHHEEARMERSREMLZL
Fig.3 Flow rate curve of heterogeneous compound
flooding system after polymer flooding

53 Z TR ELAG D R385 ), 4 s SR SO e B L A%
PO B v SR M R 2 S 4.21% , Fe rP i vk 1 1R 4
fi Lo 28%. TR AW M5E 5 PPG 2 fbik A
HEE AL T A, i TR E A
UK A4 22 1 26 SRR BE ; A1, PPG 78 LI b B 3 1t
T EURFRIR S e ) 3G, 2 G R AT 1) AN
SN L N A | G R AR R T K A AN
(IR N Rt =P e S
1.2 SHBBAFRES KK EIIEFIAR
G IR DL BB 1 7 RO i T R
A ZG 5 B AR I K S TSR ) ME, SEBL T R
JE/NF 150 mPa- s T K MR 2 = R R, X F

3.97% .6.26% F1 15.09%, JE YA &2 & BK IR 2 4% 240

adE N &= N0.3 PV

b.iE N & N0.6 PV

cJENEN0.9 PV

B4 AEFENETPPGEIRHFEEPHS T

Fig.4 Distribution of PPG in heterogeneous models under different injection volumes



202+ oA M o5 R R 202449
R LT 286 R R, AN R R ek ) TE IR e A r 730
J5Lih e B RS B, BRI BOR 25, K BE 32 i R IO —— R d40
T B YA =°f i ]
121 EHBFE = 15

RAYIRMPLIET I R I R AR LS L {202
REVEWBER K. MENTREREN T %, 1,
b J2 T 6 3 B0 150 mPa- s B 5 Bh G , (L 5E 14
INEREVIFREE , SR VESR HERE 1A IR 0

0 250 500 750 1000 1250 1500

REWERZ LB b, B T A B R

LA e . B A el Lk, Jh =4
B4 BH 775 0 B AE EE S P A 4 BEL T 5 S
BIE B, B A W A FL R Ak 7R AR B B i Rk
%l
GW?
D, (1)
o AP N FLIE AL 1 JRy FBBH T, Pas b, F1 b, 35 R R
B u WREVEWEE  Pars;v HiLHE , m/s; DA
FLME E A m; GNP &, Pa,

FI 1 24 B0 T V6 6 B A W 431 T el AL e
PEAT A2 T3 43 B, a8 57 B SR AR B AR T
FEH .

pm{z(ﬁi) -o.ooz(gs) +o.o7§jx
(1.02G' + 0.27) (2)
K p o W ERAPE AR 0T AR JT, Pas R FLIE
B, m R FRRE A T 252 m.

B0 (2) T LAE s A o X 7 38 i i A
J3 A e g B SR AT, PRt s R ek 2 3K
RN N P (U G P O E
122 BAKEEM )

SR 1 B 2 A0 2% T8 S I 406 200 I D
550 T ARG I R DRI, SRR A S
S SRR B R R SR U A A 3R
B 285 B I 2 UL A 10435 DAL, S R R A T
NTCEARHIEAARTRE Y, @ e 5=
SIS BFE T - e R T RN B 2 5 4 R iR
FPEMAAICR . FIREEER (K 5)RY], SR/ NT
V] (L FSF, 5 Tt 5 R B v SR WA 3R R T 3 K, PRt
Ra AR 280 BT DI 2 12 8 T ) 3 RS 20 o ) G

2 iR s A IR AR

21 ZW-TESEHEAR
Ji ) 252 5 3k FE 3 A 9 3 B A B 3.2%10°

)
AP=bOg—A+bl

i 2h/ (10°mI/m”)
5 FMINE R ERIBEME MR E R

Fig.5 Relationships among adhesion work, enhanced oil
recovery, and oil displacement efficiency

1993 4F-F AJF &, SE 5 e Dy Pt gt ™= PR3 1=
KA R 3B B, HATZE G % K% H 86.8%, K il
FREEN 27.3% , A0 TR M AR BE i Bk AR B B

221t 30 ZAFE B FF A, 2 I T TR 3 A4~ R)
OF KPR E T, RBEET A ZRIE M, @%
DX FUBEA AR T B, RREAe ™ G A KBk . @
BB TR R it MR A5 B ) a4, AR S /K IR T 7 A
WEZE XA ™, iR 5 e 4 T 2 J7 =R v b FE Ry ok 8
HIR MR 1822

A2 BT AR i B 4 v SR e, (HLV: by FE
JRAL 2= BT I 3> F2 Bl D7 Hh /K B R AR v
T PR K Fer M ST . RS R PR AE
AARMPERTR 2R e 2 &4k [ i BT AL,
R A YIWrEs , FHOR G VW R KRR TR,
Qifg IV as Mz R . b B AR R RS
A5 B ORHRE TS AR IC SR BV AR AN A SR )
REAR e 5 M AR XE DL BRI 2 O . B
SR AR SR R A, TR A 2R 305 I P e 2=
b3 SR K T 300 m, S fil B SR HIE Y 2
i, e R H AR R 3K AR RO R A R SOR 1
TREE

Bl S it i FH Ak 2 BT I e B sk, AR T e &k
IR IR R T TR EE T LB T b
B 1l A 2= R AR, 53 HSOR 2
2.1.1 ZA A A IRk & B

P TV by 3 SR I K, I3 R A2 A% [
K, BTkl b A0 A2 S A Z ok DAFE Ll F AR
N o 3R PR F N S, DAk SR K RN o
B SIS T RV /- SR ey a1 TR =N
X A A e B 2 5 v BT R 3R v M R E
TG AV A R S R AR R A B B
PEBESR AT B FCIKHAR R (K 6) o T A4 T



H31E s

JUAR A AR 3ot gl s R R~ KR e SRR BOR +203-

-1

10
o

2 [ A
% [ A
: 107
s
SN
=
B

10°

e 50 9K A R

P b 52 2 9l 5%
Bl 6 i £ F0pE b5 e IR e A R4 R B 45 R % b

Fig.6 Comparison of anti-adsorption test results between
offshore and onshore compound flooding systems

BRI AR 2R Ak 180 d J L B ik 61 mPa-s (8]
7), % NP PR S IR 4R R R ORI 31.2%, [ AR 4%
PR LR R A Y IK AR R 10.7%, SCBL T
Y R ZR 0 9K AR ZR A A A A
2.1.2 A% EET LT

BT 77 H AR Fe? F S 85 i i A XE RS, R FH 4
AR E AT T 2R 8, R =40 A |
FEXT R B W W RS B R sE e, I B RS A B &
P S TR 286 T 1 95% LA B o B XTI P 23 1]
2 PR XE R, 1 2R R G e 1% P ) A L
E Vi TC RN 3G PR 4 AT RE R, 7 P RN
600 m?, [] 55 RLAAS JE fili b i)+ 43 22— 5 [l B
LR A A BB L PR ME AR A A, R i A e
R, R AR AVt T 2, 44 e i 0, 15 H 5
BRI H FAR T AR T
213 #F3 A

53 9 F 22F BT A 55 A T S Ag B 1 204
10%t, b J2 JEM ZE BE 4 30~70 mPa-s, 78 &% K 1 500
mD, #b 2 KW LB H 9 229 mg/L, 445 22 H A
57 LA P23 AL 2R IR T 28 A 5 K RN 90.7%,

0

80 q710

70 /"\

60 - — g
“» o~
L 50k o=z
& —— B —e— RN E
Eaoft S
~ R
= 30| L
& I RV

) B

10

1 1 1 103

0 50 100 150 200

i i)/ d

E7 24{180d/EiE LSEIKMERFEMREKS
Fig.7 Viscosity and interfacial tension of offshore
compound system after 180 days of aging

KRR 26.8%.

2020 4F 11 H IR BOER G, 2021 4F 8 H % —
JCECZE I OB LR R S0 mPa-s VL I, #2023
12 H, H PRI IR 537 vd, ZE A K E
R 1% (B 8) , Ki#2 T 1 H A A S 1 H
FEIM AR A 50 vd Y 7RI, 2023 AR R I A 27x10°
t, SCHEL T AR ST
22 SEEHBKIEYHEESRER

B SR A IR E AR AW, SR A WK T
PEERMCR 08 H 2552 B0 REWIKE
TR A TER AR B 24 O 50% , it — 20 3 B R ICR B9 )
JoT A B AR RS W IR T s R K
J&F I B GERE . AR Th R — X Ng3 Bt
B, I BT T 1994 4 I T 4 S22 5 M) 3K, 2006 4F
JIE5 T, 3 A 6% GO SR AT R B R A
UK J5 TR AR S 2R BB G O, R B M R R4y
TH A TN AR, HL R AR X S
PR e BR A T R Ak A IR R B R o R R DX
— ], vt T BT I R RE T o | PRI R R R
A A IR AR R . ZE R i H A — X Ng3
IR A YUK AR 2 T T R S T, U
E N R o
22.1 PPGHTA

K FH 88 43 7K ik R VR s T P A I 229 5 vl g
Gy RAE RIS, TR R R X B Y 2SI R
BWER TCEAE I E R . AR AW IKE I
FHCRE L, PN IR SRR T — B AT B 3 38 435
L ZE R PPG, ok S AL B T 4R i Bh 5, = 4k
ZEIR AR 254 (1 9) mT i s it , BT ml AR (figiz
ATk S
222 AEHMEEIEIKRTLR

P 1k 5 fif )2 FLIE DT K A9 PPG J2 IR A & A 9K
MR RS R SeHE . B p S E@ s T PPG H1ig)2

95 1500
<1300
90k .
X o
> =
B 1 100\\/
ﬁss - o
i -1900 E
% =
80
N — e AL A % 1700
—— H=WE —e— ZAEHKE
75 L L L L 500
0 0.05 0.10 0.15 0.20 0.25
HENE/PV

8 IEZM M 22F BTl IR AE PR B £k

Fig.8 Chemical flooding production curve in 22F
unit of Chengdao Oilfield



=204 - wmoR M B

5 R ok %

20244£9 H

(@] % Bk »i
AR &My T4

B9 PPGHEHMITRE
Fig.9 Schematic diagram of PPG structure

FLNE VT i 56 R ABAR ), SEEL T AS [R5 1 T PPG
ARS8 TR A YRS AR A A A B
WA R B, PAPRE 3 H A — X Ng3 BT i, 4
PRAE AL S G 485 SRR A T AR AR E A IR ik &R
(1 000 mg/L PPG+1 000 mg/L %4 ¥) +0.3% i H)
AR ER + 0.1 % E 25 1R G M) 1709) 48 55 2%
A YR T ECR SR B =k 13.6% Y
223 H3HA

AL 52 A B 5 Tl g0 DX T A8 v F A —
X Ng3 HLIe 4 m &, 2 i LR 0.275 km?, A Tl He
i fifi e A 123x10%t, IR IXBIER N 1.5~2.5D,H
BUREEA 14.2 m, BB TR, BB R TR RN
0.538, LB M 33% , M JZ IR i %6 )& oA 46.3 mPa-s,
HZ KA AR K 5 923 me/L, HiJE IR R 70 °C, %%
SR ATZES T ACE N 98.2% , R FEFE H 52.3%.

201045 10 H 4 T 30560 X TF Ui R A Be %€, 2011
A1 FAES AN A UK R R R B gE . S0t E
B AWMA R 07 KOk B3, H
PRI 3.3 vd EFF R 79 vd, BN T 24 4% 4%
B K EHH 98.2% F AN FE & 81.3%, f K FE IR
16.9% ; 42 =1 R R N 8.5%, e &R MUK M 63.6%,
RME T 60% IR IR

P8 ik H o — X Ng3 $ondE A & A Ik 5 5
TR S LN S, 43 I AE 56 W 9K P T e % s ik e
AR TSy g J& 1 ) 1, S U R A B 7K 34
AR SEE T AR YA 5 A IR AR B PR b 1Y)
k.
23 SRMEEFESEREAR

ok ) ek P R 260 e O D e, P b 2 R A
JE A 150~2 000 mPa- s 4 i i 55 U A 3.7x10° t, {HK
BRI /INT 30%, 256 B KR E 18 90% L |-, 7
PR ARSI BE 45 = R ORI BT HOR .

P T v 260 7o i T ek R R, K IR LR, UK
URAEHE LG P, T BOUK IR S R B HRLL2E

OOE AR B0 G R ARG BE o A0 280 R S BOC it
58, 3 TR G IR B BRI i R A
IR A R0 R [ A1) 163 2 K et ) 3 A1 D vt 286 2
FVHZK ST 5 7, SEIAT R SRR R e e
NS R A

2.3.1  #7 73R i ) B )

Yy BRAS LA E (A H U 5 SR B, = 286 D 2%
T, BRER A B T 50 mPa-s, #PERLE 5 T 100
mPa, A G A &Ml Y . M e n] &k R
AT, Rigs & TR, Gl TR
R R AW, HAK 15 =z 18] 7™ A TE R A 4R 45 A
G VE AR LR LR S 30% LA I,
P B N 40 mPa 3 F 120 mPa, % 5 7 K IE
FEFF

Sk RO A, R 26 IR B i B B
ZH ) RE 0BT AR DK Tk FH 2% 18 3 1 7 TR PR B2 286 A IR i
) o BT BRI A AR AR AR AR E R AR AL BB
TR I 70 T 2 AE T T K AR L3 BBl PN 3k 2 s AL R
B IR RAF R B . A R v
WAk 2 K R A FAIL R, & B0 3% 1 3% M 7] 3 ot 2L,
A o3 TV FH B8R AR s I 00 7 T D) 45 79 SR AR R Ok
AN I T R AR ARG RS SRR . it fli b
IR FERE IR AL o R 5 KON, Bl
T AR S T 5K 7 R0 R AR R D) RE ) 2R T MR
THZKARRL L A 22 8~8: 2 A, PR B R IA 51 90% LA [,
232 BFE A IKbIK RATA

TE = R R A ) -5 2 AL B vk 70 AH BLVR R B
¢ B Al T R R R A A IR AR R e R
S BRI R BR TR S ECR 0.24% 1S BRI G
FTT 53 E0R 0.3% BIRERE LSRRI B . AR JLIX
HZREE R 70 °C FEATK S 4L A 10 607 mg/L, 55
BEB T R R M 357 me/L, )2 UM AR Sl 772
mPa-s, FEZIMIESAE T FER R A IR A R I EEEE
62 mPa-s, /K B 3K T8 5.0x10° mN/m, [E5 2K
93%,

I FH 4 BHUASEHOL ST 36 - A [) 50K T A 2 1 3K Y
RO . TEAR2ERI T A B FEY R 0.3 PV I, B —F 5
B Ty 4 v R R IR FE A FR e /K 3R o R R
3.3%; BA— AWK LK OR R S SRR 12.3% 5 B
52 A UK K 3R R R SOR 17.3%, BB 2 A IR 1 =
R WO B T 5 — SR A ) 3K R B — 3R T 1 7
IR ST
233 £FiRE

FEIRAR JUIX P Ngd-6 FRoT R B 2 A Ik e



H31E s

JUAR A AR 3ot gl s R R~ KR e SRR BOR +205-

BRI, 5 DX I b B i i R 374x10%, FLBREE Ky
34.2%, % % % N 1 531.5 mD, Hi i J5 b G E K
2 000~6 000 mPa-s. 2021 4F 2 J FF i 1 A BT & Bt
FE,2021 4F 9 JE AR R Z G KA R R IRBEE
R 02 A5 B S T8 S ) L 26 KR 91.9%
T IR 22 85.1% , B R IR M 6.8% 5 12036 X BH f WLAR
H R 530, WRR N 94.6%, FELHE & 7.1%
10%t, $2 =5 R IR 1.9% , FI0I0 AT 45 75 SR ISR 9.8% , B
(ENETE A€ FiiE e

3 BIARSCRL R

JRE A0 3 FELER 0T e i g R SR A, AN IR A
IS, RS HOR K o Tk 1 SR 50 5 1 %
HE IR JE R T oo G UK AR AR G K
150 66 T A 2 K S BRI S BB T R o
= ROR R Fh IR AL 2 AR I S A
T 3 A D 1.68x10%t, B8 I A] SR A D 1 941
10%t, A A F R 2080 ™ | i i A SRR 1t T ik )
SR

T4 e B AL A SR AT e 55 0 o R SR AR
Fl R L OCE A WS IR B LS 3 EOT
JEEARTE . BEXTAR i (M2 35 KT 95 °C)
£ (W4 B2 KT 30 000 mg/L A64E B 5 o v i
KT 1000 mg/L) il A 1F N # MRS YIRENER
Joi) I e TR, R v it s £ X 3R B AR E TR R TR
BLHIBFFE , BF Tl BT 6 52 W0, BOR T 4 il b
KRR P IREIA o TR RS RS 3 AR
TE A DR S5 P A, R T B 790 5 L 4 0O &
I, B R AAE WA &, BOC IS BN
KA WRE AR o 58 o0 S 45 UK IR g
BSASR dih A 3 AR AR, T A 9 K B v
PERE S5 19 b B R 2R, 0O — o0 5 4 B i
e IR AR

4 HERiE

(DA KBS 7 1w, W T AR i i |
e m) BT RVE MR A AR AR A S IR R R
W ARHLHRL, R 1 e S UK B A T
ORI R AR 28 PR 2 B Tl A

(2) Bl BB fh iR T —onE &
BRI A 2R, A AR R ORI B 31.2%, I T2
PRCIE T 20 0 1 i Bl i — oo S R . A

FIZ A AR 9 B IR e 88, H P=ih 2 i K
B R 537 vd, FroK R ER IR A 1%, SE8 Tl
TH Ak 2 0K AR (R 281

(3) 51X A W IR e i 2 0, B 2 7 2
O3 SRR A3 S AR 25 FA) A R e R BIK 9 R T T
JE AR A BRI AR R A T AR E A IR AR
24 AR R T A8 3 H H— X Ng3 $uo0 3R & 919K
JE TR, H = RN T 24 4%, 255 S K R KR
RN 16.9% , fie 4 R W HEH 63.6%, I 7K 35 il 2% 2R
iTE N

(4) T X 7o 288 i 8 DL vel 286 o L i 0 ™ Sk
0%, BIF T e L I 8 R A T K A 1 ke 7 13 LK i
R BT T KA B A R A A Ikl R R A
Tk 71 4 5.0x102mN/m, & %65 N 93%, TE L T
0 U M A A IR R L AR TE AR L IX P
Ng4-6 LT IF e e Tk, 25 SRR TRET 6.8%,
T LR R 94.6% , R~ 7.1x10%, S #
T R B SOT &

S 3Lk

[1] MRS, SR, 4 55, 55 AR TR s 2 K DT B v SR e 4

ARIM I AEAT A Toll i i, 2023,
SUN Huanquan, ZHANG Zonglin, YANG Yong, et al. En-
hanced oil recovery technology during the ultra-high water cut
period in Shengli Oilfield [M]. Beijing: Petroleum Industry
Press, 2023.

[2] PMIS 0, ElEo, 45 R B Kl ETR Aih 2Ai RRAE 5 42

P RMASHHAR [T, wh Al =240 A SRR, 2023, 47
(5):90-102.
SUN Huanquan, YANG Yong, WANG Haitao, et al. Distribu-
tion characteristics of remaining oil in extra-high water cut reser-
voirs and new technologies for enhancing oil recovery [J]. Jour-
nal of China University of Petroleum: Edition of Natural Sci-
ence, 2023, 47(5): 90-102.

[3]1 W5, W oKl AL SRR G TR BT 7 vk S TR Sk

BB AR [T ] il SO S R4, 2024, 31(1) : 63-71.
YANG Yong, CAO Xulong. New comprehensive management
method and engineering practice path for mature oilfields with
high water cut [J]. Petroleum Geology and Recovery Effi-
ciency, 2024, 31(1): 63-71.

[4] AT, IR, 45 2= T RORE ISR HA B 26 50 1 0k 4K
MR SARAE L) ] B HoR 5 TR, 2021, 21(2) £ 546-550.
SUN Huanquan, XU Long, WANG Weidong, et al. Flow char-
acteristics of viscoelastic particle flooding agent based on
nuclear magnetic resonance technology [J]. Science Technology
and Engineering, 2021, 21(2): 546-550.

[51 X4 2R ROR SRR e AL A BT A T [0 ] B4
ARETHE,2017,17(24) :218-222.



+206-

Lj\

il ;DY

5

* o %

20244£9 H

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

LIU Yu. Flow mechanisms of viscoelastic particles displacing
agent in porous media [J]. Science Technology and Engineer-
ing, 2017, 17(24): 218-222.

T, B, ZENEA A AR BT 2 B s B URE B v R
WORHURBE TV ] B R 5 AR, 2014, 14(17) :59-63 .

YU Long, GONG Houjian, LI Yajun, et al. The mechanism of
using PPG to enhance oil recovery in heterogeneous reservoir
[J]. Science Technology and Engineering, 2014, 14 (17) :
59-63.

T, B, B, 5 ST IBBE BRI i AL B T R
PESBERTSELT ] Wbl <M, 2014,21(5) :656-659.

YU Long, LI Yajun, GONG Houjian, et al. Visualization ex-
perimental study on oil-displacement mechanism of B-PPG sys-
tem [J]. Fault-Block Oil & Gas Field, 2014, 21(5): 656-659.
SRV i RV 2R, AR AL R S KB T R A v
A f A K 2l B 2 45 L3R L) AR W L <, 2023, 10(2) -
33-42.

YUE Ping, QU Simin, LI Fenghui, et al. Remaining oil distri-
bution characteristics and main controlling factors for use in
high porosity, high permeability and high water cut heavy oil
reservoirs [J]. Unconventional Oil & Gas, 2023, 10(2): 33-42.
d BRAR AT, SR 2, A SO TS IR e UKL AR g >R 4L
MRS ()] Rl AU, 2023,30(5) 1 105-112.

MENG Qingchun, HE Gang, GUO Fajun, et al. Experiment on
the mechanism of enhanced recovery by branched pre-
crosslinked gel particles [J]. Special Oil & Gas Reservoirs,
2023, 30(5): 105-112.

LhJ R | R DRI e R FRe SRS R e T 43 A [ ik
L%, 1996,13(4) :66-69,81.

MA Guangyan. High temperature mud acid corrosion inhibitors
as used in medium and low temperature acidizing fluids [1]. Oil-
field Chemistry, 1996, 13(4): 66-69,81.

ARBAE . Z AL T FE NI I Ve R i AL PR ST [0 ] il = o
R, 2002,9(3) :13-15.

SONG Xinwang. Study on the rheological property of polyacryl-
amide solution in porous media [ J]. Petroleum Geology and Re-
covery Efficiency, 2002, 9(3): 13-15.

TR, SR SRHN S, A5 L SR A P UK A R 0 5 A T
CR AL ]l Ak, 2016,33(2) :271-275, 280.
FENG Rusen, ZHOU Yang, GUO Yongjun, et al. Influence of
the elasticity of polymer flooding on the displacement efficiency
of heavy oil [J]. Oilfield Chemistry, 2016, 33 (2) : 271-
275, 280.

Zeofe BN R, A5 R SRR Z BT O LT ] A ik
BT, 2023,45(1) :168-174, 184,

LI Nong, ZHAO Ligiang, HUI Dong, et al. Microscopic char-
acteristics of sulfur depositions in high-sulfur-content reservoirs
[J]. Petroleum Geology & Experiment, 2023, 45 (1) : 168-
174, 184.

BT ., 2Rk L, Sl IR S e I R T A i S B [T .
AR H AR, 2008, 32(3) :99-102.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

YAO Tongyu, LI Jishan, ZHOU Guanghou. Analysis of param-
eters influencing oil displacement efficiency of oil displacement
agent [J]. Journal of China University of Petroleum: Natural
Science Edition, 2008, 32(3): 99-102.

IMCTR, B, AR 58 A R R R e — e
R4 s SR ORGSR R (0], H AR T, 2015, 45(9) £ 500-
504,508.

SUN Jifu, DAI Ying, CHEN Quansheng, et al. Effect of wetta-
bility reversal of rock surface on oil recovery by binary com-
pound flooding [J]. China Surfactant Detergent & Cosmetics,
2015, 45(9): 500-504, 508.

BRI B E 5 RO IR AR BT HORRAE 5T
ORI AL B 18 5 il e —— LA B SR A b o e VR 2H 5
BILY] AT IR S H T, 2023, 45(1) :193-202.

LU Feng, LI Zhaoyang, YANG Zhao, et al. Characterization of
oil-bearing properties in sub-micron shale pores by laser scan-
ning confocal microscopy technology: a case study of shale in
Lucaogou Formation, Junggar Basin [J]. Petroleum Geology &
Experiment, 2023, 45(1): 193-202.

B, AUIMSC, ORI, 45 A 5K 280 R IR 4 e 2R
HEARIM]L AR B2 R, 2021,

CAO Xulong, ZHU Yangwen, YUAN Fugqing, et al. Greatly en-
hanced oil recovery technology for high-viscosity reservoirs by
chemical flooding [ M ]. Beijing: Science Press, 2021.

LI, ZE PR, SR SE N, 45 ¥ b AL 2 SR BOR AF 5 5 0
PER[T]RHE F4R ,2020,38 (17):127-133.

SHAN Jincheng, LI Baozhen, ZHANG Yanxu, et al. Review of
the development and field application of worldwide offshore
chemical eor technology [J]. Science & Technology Review,
2020, 38 (17): 127-133.

PIVER BT . e 98 b 3 I R 8O 5 B v SRR AR UK B e
0] P, 2023,35 (5) 1 91-99.

SUN Fujie. Status and prospects of efficient development and
EOR technologies in China offshore oilfields [J]. China Off-
shore Oil and Gas, 2023, 35(5): 91-99.

KR KBS TG SRARAS A5 I T A A2 3R TR A e BE AR AL
RO BOR K 52 B [T R FEA I 55 B RERCER, 2023,
25(3):10-14.

ZHANG Guohao, DENG lJingfu, ZHANG Zhenjie, et al. New
technology and field practice of injection concentration optimiza-
tion and adjustment of chemical flooding in offshore oilfield [7].
Journal of Chengde Petroleum College, 2023, 25(3): 10-14.
kA PR, EF5 45, 45 i i F RS W SR R s sk b 3
— AR S IS BOR [T A A 4 Al L, 2023, 39
(4): 809-819.

ZHANG Jian, CHEN lJiaqing, WANG Xiujun, et al. Integrated
mode and critical technologies for efficient treatment of polymer-
flooding produced fluid in offshore oilfield [J]. Acta Petrolei Si-
nica: Petroleum Processing Section, 2023, 39 (4): 809-819.
INGZ AR e, 45 g UK 2R A Y SR AR F Y
[J]. 49 TR, 2021,47 (82):168-172.



H31E s

JUAR A A ot gl

1o i T T 27 R v SRR H AR S -207-

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

SUN Xiuzhi, HE Dongyue, PANG Xuejun, et al. Key indexes
of polymer for offshore oil displacement [J]. Petroleum Engi-
neering Construction, 2021, 47 (S2): 168-172.

I, A dl, R A5 0 IRV R B X0 SR WP RE 9 5
WA [Tl B4, 2015,32(3) :370-375.

HE Jingang, YANG Jing, TANG Sheng, et al. Effect of Fe*"
and S* on performance of polymer solution [J]. Oilfield Chem-
istry, 2015, 32(3): 370-375.

W, AT, A8, 55, bR A OK T I R 5 A
AHUR S S [T ] A [ B, 2023,35(3) 1 154-160.

FAN Baitao, WANG Mingchun, GU Chunwei, et al. Current
situation and prospect of drilling and completion modes with
subsea wellhead in shallow waters of offshore China [J]. China
Offshore Oil and Gas, 2023, 35(3): 154-160.

SR, LS AR T T T B R (]
iR R ,2023,42(6) :86-94.

ZHAN Zhuanying, NI Jun. Dispersion potential of asphaltene in
live oil by nanoparticles [J]. Bulletin of Geological Science and
Technology, 2023, 42(6): 86-94.

FAER IRV, £AT, 55 . RIJF IR T 2H AR K HA™ 50 ]
[V RRATIM LT 5T %, 2023 ,42(4) : 45-54.

WANG Demin, ZHANG Huaiyu, WANG Yan, et al. Single-
well injection and production technology and its field application
[J]. Petroleum Geology & Oilfield Development in Daging,
2023, 42(4): 45-54.

FRRIR I, EHEE, 55 i E OB A Bl = YR
MRS BT T ] Wi B, 2022,29(5) : 704-708.
WANG Xinran, YANG Lina, WANG Yanxia, et al. Experimen-
tal study on tertiary oil recovery EOR of offshore dual media res-
ervoir [ J]. Fault-Block Oil & Gas Field, 2022, 29(5): 704-708.
TR, B DELL AT AR . R G W IR TR 5 R SR B AR BT
(3] AT 5 RAR AL T, 2010,39(2) : 144-147.

ZHANG Li, CUI Xiaohong, REN Shaoran. The study on en-
hanced oil recovery technology in reservoirs after polymer flood-
ing [J]. Chemical Engineering of Oil & Gas, 2010, 39(2) :
144-147.

HRAR R . R R G W IRKE LK SR SR BOR 3 BT —— LA il
HT A — X Ng3 il L], 3t ACH 5 5 2R R 2006, 17 (4)
91-92.

HAN Jimeng. Analysis of improving waterflooding effects after
polymer flooding—taking Ng3 of central regional of Gudao Oil-
field as an example [J]. Petroleum Geology and Recovery Effi-
ciency, 2006, 17(4): 91-92.

TR IR ik FH v — DX S W KT 2 R D SR [T i<
Hb T 5 ORI, 2005, 12(1) :66-67, 70.

JIANG Yanbo. Sweep conditions of oil reservoirs after polymer
flooding [J]. Petroleum Geology and Recovery Efficiency,
2005, 12(1): 66-67, 70.

HEBELT T RAR AR A IR 73k [ ] A 2R, 2011,32(1)
122-126.

CUI Xiaohong. A study on the heterogeneous combination flood-

ing system [ J]. Acta Petrolei Sinica, 2011, 32(1): 122-126.
I B2, O, 45— R A SR A3 3 5 R A  K
TR B 471k : Z1201510482896.6[ P 1.2019-05-10.

SUN Huanquan, CAO Xulong, HUANG Guangsu, et al. A
kind of partially branched and partially crosslinked polymer oil
displacement ~ agent and  its
Z1.201510482896.6 [P ]. 2019-05-10.
A e, XS AR AR S AR A K 2 S R K R 5
2 ALIRICAOC R LI ] A7 3020, 2022, 43(2) :262-269.

CAO Xulong, LIU Yu, CAO Weidong. Matching relation be-

preparation  method:

tween preformed particle gel and reservoir pore throat during het-
erogeneous phase combination flooding [J]. Acta Petrolei Si-
nica, 2022, 43(2): 262-269.

AL AR A A R B S EERERFIE [T ] AT
AT, 2013,29(1) : 115-121.

CAO Xulong. Design and performance evaluation on the hetero-
geneous combination flooding system [J]. Acta Petrolei Sinica:
Petroleum Processing Section, 2013, 29(1): 115-121.

MR, W2 e 220, A SR T AR Z AL IC C R AR AR A2
%&%}‘iﬁﬁ}% F 59— LIRSl T — X b — B 1-3 b e
RAWYRE BT ][] 3 S TS SRR 2020,27(5)
53-61.

SUN Huanquan, CAO Xulong, LI Zongyang, et al. Research
on heterogeneous combination flooding technology based on
matching between system and reservoir pore throat and its field

application: a case of post-polymer flooding Es,"”

in Sheng 1
area, Shengtuo Oilfield [J]. Petroleum Geology and Recovery
Efficiency, 2020, 27(5): 53-61.

AT, (i, JOAR N, A5 . e il 755 kT R B P AR A 5 B
ARG RIILC L F & il TR ST & B PRl 2021
ZHAO Fangjian, HOU lJian, YUAN Fuqing, et al. Research
and application of heterogeneous composite flooding technology
in high-temperature and high-salinity fault block reservoirs [ C .
Qingdao: International Field Exploration and Development Con-
ference, 2021.

FROT, k55 M, 2, 5 B AL 2 IR e Al 22 5 Bk (R R A
A R B AL A3 BT L] 9 B SR MR, 2021, 28 (6)
122-128.

ZHENG Xin, YAO Xiutian, XIA Hairong, et al. Establishment
of combined viscosity reduction flooding system for chemical
water shutoff and profile control in heavy oil reservoirs and
analysis of its mechanism [J]. Petroleum Geology and Recovery
Efficiency, 2021, 28(6): 122-128.

IRVFA Wit i 7 22 , 45 . 9K P 2R 5 P ) e A A 8
FHARALATTELT ]t “UROEAN 5T %, 2022, 12(4) + 677-683.
ZHU Shijie, YE Zhongbin, SHI Leiting, et al. Application and
optimization of rheological model of polymer solution for oil dis-
placement [J]. Petroleum Reservoir Evaluation and Develop-
ment, 2022, 12(4): 677-683.

TOARI, AR AL, A5 SR AR X IR 2R 5 R M g
J1im 1] WTHem A ,2022,30(1) : 149-153, 160.



208~ wmoR M B

5 X

o x 20244E9 F

[40]

[41]

[42]

[43]

YUAN Fuqing, XU Hui, SONG Min, et al. The influence of
elasticity on the sweep efficiency of polymer for oil displace-
ment [J]. Fault-Block Oil & Gas Field, 2022, 30 (1) : 149-
153, 160.

AT BARAE , AL GF R O TR W KB v e R R
TR SR WA SR AL e B R L] A SR T 20, 2023, 46 (1)
132-139.

LI Shuoxuan, ZHAO Dongrui, GAO Honggqian, et al. Investi-
gation on mechanism and effect of ultra-high molecular polymer
flooding for enhancing recovery in high salinity heavy oil reser-
voirs [J]. Drilling & Production Technology, 2023, 46 (1) :
132-139.

SONG Shenghan, ZHANG Heng, SUN Lixin, et al. Molecular
dynamics study on aggregating behavior of asphaltene and resin
in emulsified heavy oil droplets with sodium dodecyl sulfate
[J]. Energy & Fuels, 2018, 32(12): 12 383-12 393.

WL e, TRE A, A R T R A AL SRR WFE 5 R H
[M]Jbgt Bles At 2021 :28-29

CAO Xulong, YU Qun, SHI Jing, et al. Research and applica-
tion of viscosity reducing chemical flooding technology for ordi-
nary heavy oil reservoirs [M]. Beijing: Science Press, 2021:
28-29.

Folle & PR R SF . T IOn A R R LA AR B Hx 3 A
TR LT ]l B S R , 2019, 26(5) : 79-85.

[44]

[45]

[46]

WANG Yefei, ZHONG Dong, XU Rui, et al. Emulsification
properties of binary composite system and their effect on dis-
placement of conventional heavy oil [J]. Petroleum Geology
and Recovery Efficiency, 2019, 26(5): 79-85.

WANG Yefei, LI Zongyang, DING Mingchen, et al. Perfor-
mance of a good-emulsification-oriented surfactant-polymer sys-
tem in emulsifying and recovering heavy oil [J]. Energy Science
& Engineering, 2020, 8(2): 353-365.

W55, sk LT, B /NUT, S A R8s a2 it B 1 ST R AR
S SN ] i S B S R, 2023,3006) :61-71.
YANG Yong, ZHANG Shiming, CAO Xiaopeng, et al. Prac-
tice and understanding of pressure drive development technol-
ogy for low-permeability reservoirs in Shengli Oilfield [J]. Pe-
troleum Geology and Recovery Efficiency, 2023, 30 (6) :
61-71.

A SC A AR 5 BOR I R BT TR — AR R R
[T]. P A, 2023, 28 (1) £ 14-25.

NIU Shuanwen. Research and application of geology and engi-
neering integration for low permeability tight oil reservoirs in
Shengli Oilfield [J]. China Petroleum Exploration, 2023, 28
(1): 14-25.

g



