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Abstract: The development of heavy oil reservoirs in Shengli Oilfield is dominated by thermal huff and puff and water flood-
ing. The oil-to—steam ratio decreases by rounds and the remaining oil between wells is difficult to produce effectively in
thermal recovery heavy reservoirs it is not economical to drill new wells. The oil-to—water mobility ratio is high and the op-
erating cost per ton of oil increases in water flooding heavy oil reservoirs, worsening the economic benefit and leading to a

recovery factor of less than 20%. Since “The thirteenth Five—Year Plan Period in 2016-2020" , the technical idea of addi-
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tive, synergistic, and balanced displacement was devised to improve the development effect of low—efficiency heavy oil res-
ervoirs and enhance mobility and oil recovery through multi-stage profile control and chemical viscosity reduction. Accord-
ing to the study of viscosity mechanism of heavy oil , the research on depolymerization and emulsification mechanisms of vis-
cosity reducer was deepened, and the compound mechanisms with chemical viscosity reduction were investigated , such as
multi-stage profile control and flooding, anti-swelling, and gas solubilization. Key chemical agents such as oligomeric vis-
cosity reducer and viscoelastic emulsification profile control and flooding agents and dual—function foaming agents were de-
veloped, and the decision—making and control technology for scheme optimization was improved , thus forming the com-
pound flooding technology of heavy—oil chemical viscosity reduction with “strong profile control and flooding, viscosity re-
duction, anti-swelling, activity, and solubilization” as the core. Different from the “binary” and the “ternary” polymer
flooding of conventional thin oil and the chemical flooding of common heavy oil, this technology has been successfully pro-
moted and applied to various types of heavy oil reservoirs, such as those after multi-round huff and puff, sensitive, and
high—temperature high—salinity water—drive ones, covering a geological reserve of 15 million tons. It is expected to increase
the recovery factor by more than 8%, which effectively supports the transformational and beneficial development of low—effi-
ciency heavy oil reservoirs.

Key words: low—efficiency heavy oil; multi-stage profile control and flooding; chemical viscosity reduction; compound

flooding ; water flooding ; thermal recovery
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Fig.1 Technical route of chemical viscosity reduction compound flooding for heavy oil reservoirs
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Fig.2 Diagram of chemical viscosity reduction compound

flooding for heavy oil reservoirs
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Tablel ~ Assignment of infrared spectrum absorption peaks
of gum and asphaltene

Wi Bk

JEE AR

& ATRE B AEM]
& /em™! I /em™! HERY R A
2850~3000 2 850~3 000 CH CH,,CH,
1707 1730 C=0 COOH, COOR
1609 1604 C=C,NH  J5&¥ Bk NHR
1456 1463 CH, CH,
1369 1373 CH, CH,
R—OH,Ar—O—R,
1029 1024 C—0,C—N
RCH,—NH,
863
859 CH TR SRR
811
739 721 CH, CH,

R b 3R 23 A1, 45 30 88 b BCR5 LB 8T GR
23 ~ 5 AT LA m—a AR 1A B HERUE A
INRAEAR T /N R AR B2 (] T4 R
e R fig i i BV E AR B 5 ], R S
F AL, PR L AR R R R v AR AT R AR i
T AR FH BRI AT SR BN BERE G B /Y, AT BT R
Wit RN - B T,

22 HEEFHERIERAVIE

R 2L Al R R AR 22 351 D K s 1 2 T T ) &
B9 3% B, 2 1T 37 1 700 7 5 PR & A= LA R B AR
FH B TRTBS 38 FLAT A0 725 fih J2 1 Y P o 3R A1 B 1T 5k )
SEVE AT, X S AL A B T2 S A R %
22.1 FRAEIAAER LR

458 0 B I A 2% FL AL R DL 3R Ak T
FEAE T, ol 29 T 375 P 790 e o R 8 7 B 5 K B T
el T N PEE A ) A A K 5 K TR Y R

P27, KR = Ry i sh e get . th Tzl ek
5 Zm B PEAE T, BRI RS b I 7% 7% 210
>R, B FLAPR VA Yo 955 30 7 25 AF T T e Tk
JE R,

T MBI, S PR ECRE Y
FBFE R B 24T fs S5 g mT LA S AR Il ) R
H H AT SR A A0 32 2 T B I RIS 251
FH ARt 2 m i AR S o 1 Bhig L AT
T ek P SR FH 7, DT S 3R 28 5 B s A D
LA AL R VR 8 8 v deh v 38 et K AR B B
CARLE Dl 1 EN= i T R SO (SR TS e
JiidE . P, BRETIER TBOY 7 2N R R R
SRR FT A I N AR SR . B T HE R T
TP R B 3 2 DUl 55 75 PR By &= 3,
I, e b AT A | S 0 R AT e
B ARk B 5 A T B0 SR AR R RT S AR v
(R ZE , TiaxX Fh g i B 2 R MER AN HAR
PEALHG /DR, R S g SRR 1Y) 2 A Rl A B A rh R
A] SR SRR (B 3) o AERAS0RE B8 il i 23R
R FEROCRAT SR AN RE AN ZLAC R RO A4 IF L, BUA IS
LA SRR AL, 25 7K A (e Jr 7 i i A0 K A A S
b, TR RS RO, N, S &5 57 1) &R
FH A5 A i 7% 2 T R B — J2 K B, S AR 14 FL
(& 4) . WIREE A, UL iR B REEEE 3 R
REEZE R0 S5 Z [ i B R VEH
222 HEBBHEAERE

T TR A P IR AL O R e
MREE R A W3 MK AH B 5 B, B APk I B L ke 4
T IR [R5 G W Vs W AE Al 340 Jo i K
H A AT L 4 A WK R T A TR AR A
175 = B K Ui € i I IR2 3 2 B K 2t R
B ARBT AN, K A A A DR O F R 2
i BT T AR S 7 I B DR L 2 il
198 A SRR o PRI, X 5 2 v P 9
JEE, 5RA Ik 0 B A FH 85, 0 HUR A AT U B0 A T
I R

TEORES HLER A I o2 o R v 2 B, R 28050 LA e
AR A R T T R VR 38 A R A TR A
el 45 ek FEE A 0 0 R R, DT B v R e e R WA
FEZER X — e IR T A R AT i = 5T 41
BT, 8 280 7] el A i 2 T 1 R LR 7 T R 500
b B ST 1A T 55 B T 3 2 R B, 0 B A A
TR HEZ |, S 7K e A e J ek K BT, O 5K 4y
Tl A E S G, NITE A A Sl A H B A
JKHEE , T T A it 2 R



-16- moR M R

20214F 11 A

a—7H I B R = AE

b F7 r T

g § /OH

T3

v mh

c— R R 93 T8 T BN

d—Fa 357 73 TR B O O HLER

B3 WRilmRISBNERE

Fig.3 Diagram of depolymerization and dispersion mechanisms of heavy oil
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Fig.4 Diagram of heavy oil emulsification process by
water film adsorption
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Fig.9 Viscosity—temperature test results of viscoelastic
emulsification profile control and
flooding agents

TWE A R R IR A X I e A
PP i TR R SR A A O e TS T
b2 R 260 A 5 IR H A 1 T L, E o T e EL S A
FhOOUEE T RE RO IR TR R o I I AR R B A ok B
Jie o S P, F) 4 80 A5 AR L Bl LA HLAT FLAR M
AE I R h 28 SR 1 & M 79, i o DE S i B Ak
M. R RIEEIE I FBERE D fE, S0 T il
T I, B BRI 5 KGR A, EHE LR I RUR
AR B AE 8 A3 H0H 0.5% 09 48R vl i A8 it 1 25
J& F1 10 000 mPa - s F#AIK % 100 mPa-s 2247, [R] AL
TRBH 77 B RH A0 5 R TR R 28 5 345 , &5 N P LA
FLBR R 5 RHE 5 20% L) F (&1 10)

100 198
— k%
80 — B
— g EHHE 0
<
° A~
g o0 =
%ti . 4%&
n¥ B
s 4T 40 #o
= <1
=
12
20
. 0
0 2 4 6 8 10 12

ENE/PV
B 10 EERFYEERIRE LR
Fig.10  Physical simulation results of displacement
of foaming agents

2.5 ARMURKIFIERR

Pl B R 5 G IR A S b A 0%, P BE A
DT O SNSRI N WA R 7 e o S 7B i e
G, AT BN 22 O AL BT X oAb AL 27 A R Bl Ao
HUEEAT AR, ol 3 o 7L s % i B D L e
AR B A LG AT R R AT A, R 5 R L
WAl 27 86 52 5 KA SRS DL B AL B i 7, AN RE



28k ol

TR ARRCRR K BRI e A~ W 5 KB AR “19-

J5 WAL B e 0 sh 2 T 4a $ 0t S 4 R e s 2 4
ST — B AL AR R A IR PR AR 7 vk, S B
PIAFA

b2z 2652 A 3K RO IR R s B R 75 2
102 BB EE R b, i — 20 A M SE Bk 250 Y
AL AOCHE T2 S8 BR AR, g fh 2= F
FhiE A IREBCF R A 2 A 2 4] 5 e S
75 8 (35 B AR o <3 B KR o ST A B
SPE AL o i S EE R B o R A
PO RE 2 A W O R AR B R B AL B G L2
IV B 7 2% 5 AR S oAt il B O AR 4 e BL 3R 1 4
FH 4 B a5 o BUE R R R AT 4R M AL AL B, A vy 3
T CMG BRI AR T AL ~A PR B B 5 UK ) T
AT7 2 BB FE RN AL, SR 1 S B b B R
A KRR RE 5 B B FiF K i A S B T AL TR
251 BZH 43K

FER S G ORI L FE v, T A B — RS2 K %
PEREFE I, 3222 0 B Oy X2 o0 0T % 266 RN L AR R
B, HILRI R IE 4G . O TR 45y . CMG-
STARS H, 33 #6514 20 43 1T A3 a8 72 35 B 24 45 7 L
UIREA R B . @A BT 24 43 1Y o B2 1T DAl it A2
N RAALL

CMG-STARS U # 5% H B] 7)< 41 0 5 R ke 4 ik
T T — A B AT R A A B Ak 2 S Iy o B, SR AE = 26 i
T 2 fil 526 285 700 I 72 S AV 280 D ek 1 I e 8 O
IRALIH B FLAR IV B FLAE R 2, Rk =00h

T Zkoexp( )'HC? (1)
izl

252 %F313K

FEAL BB A Ik R b, th %2 AR R
PEFN R ZE R A B PEFE 2F , 30 00 A 7= AN 2 3 sk 52 5%
BN, 2% RN AR AR 38 5 A R R
RS G A S TR RE 51 5K, BRI 26
FE B R B sh B T B K AR = R 22 4
IR ERE, AWML R EY . 1 CMG-
STARS ™1, ] DL3d ik is g B 48 0 DA Rk FH AR etk
(280 B2 10307 1 R ME B A X SE R R R VR T,
AU R B LR, AR AR

-E,
RT

I, :zlmai'xi (2)
=1

3 Wi

T AR ER X T A RE B AR B R R A
ARBR AT AT MR ok AR Bl R 1 3 23 A X

I HRAE , B AR SRS T b BT 25 1 M T
ROLEMRELEG TR, 2R LBk R
GUR . A 2020 4 6 A ZEARRSUK IR BUSM: 24
YA I S DL R e Y v 2 55 A ] 0 ity v s 2 A4 o 22
RS 1 21 AN & T, 7 56 Hb SAg o 1 500%10°
t, P SRR 8% LA L, S BUSHH0R

45000 M 4 8 Vb = BN UR S AL B B i
BRI , 425 o BTk £ ) -2 5 1k 16.8%, b
JZJF M ZEFE N 262 mPa - s, BORIT & “TEARHE RA
B E R KT R AR ORI BB, 2019 4F
1 AR 24> B U a5 - 41 5 it 77 JR% + o 2 K 5 3
B, IEAE S KR T 80% I v E AR BEZE . R4
AE B = 9.2 vd BE N 26.5 vd, WEE H =il
K 30.2 t/d, KR TR 18% , 8 % 2020 4F 6 H 2

I I 5993

P70 H b 30 5 58 Sl g0 XA T8 v
DX S AR B, b R A B2 A 300~500 mPa- s,
Z I KARAFE L5 5 T K E R 90.6% ., 24
A S AR M ™ B B KR = AR [, i 1
J R IR 2 S 22 G0 T + R R R, 2019 4F 10
H IO RE 1 ASE PRI BE %€, 2020 4F- 2 H FF 46 WAk
o) LSCRRAE , S AR B s U e
[ 14% , I H P2 E IS i 4.1 vd.

T 1 T R 10-49 Ry H IR TR AR 1 - A 1
THIEL , 12 X S R B2 =, 23458 3 120 mPa-s (58
W), 2005 4F % A K&, £71)7 F M Ng3 FIEd3,
K s AR K IR, R IR 300 m, 2007
AET7 H 2 2018 4R IR AL T ik B Bt , 2018 4R JIG HR6 H
PRI N 1.6 Ud, Z75 B K ER R 50% , 2K i3 B AU
0.13%, K AR E N 2.91%., 20194F 7 HARHE X B
FERF G, Tk T —MRERR T 8% IFHH B A
—FE R B KRR, R B S R A A 9K R A
PG EE , SCRET (P2 = IR A N B . A = N B
B FNEAE AL , B X 8 38 g 1750 2 R
L33 7R, FIRHEBE CHE T R SH, AR
HHN0.1%, H AR K90 m'/d, M 2019 4FTF

AR CRE R 51280) PR IR) 7k O < 7 (o b 9K
B WS T ARG ORI R SR bR B B Ar i, B
W R 65.7 m/d, H =il 2 55 15.7 vd, S if
150 m, AF R BE AN 0.13% 2 =5 £ 0.55% , %
220204 6 J % BFUHEMEL 2 547 to

4 Hiw

o B R 5 IROT KBRS — IR MR HOR



-20- Mmoo M

5 %l x

20214F 11 A

VAT S T) 8 g 3 1 A BRAS G137 D9 S M i, FE TR
HAIhBCEEALBA LA b, QBT A& 1 Al 7 i
SEAE T SR OB B PR A R | [N B 1R G
TR 2 A figp 3R S FLACHLER R i PR A LB, B0
AR ik T 22 48 U A e K K 9 AR A 1
Jo - B30k 0 1) T 12 i A iy 4 1) AL, BF T 2 e
SIRFRAN 1 AR ) AR R R R e S T
e PR A R A 5 oAb, S T BB S, ST 1 1k
SRR G WA R DT R T et i
BRI EE R, S B B T HoR 52
o B SR A R R S A WO AR TE
T2 U BB LR v R s SR K B AR 2 bk
R E RRTE 0k € O A 5 % N R 1 & R
FH 45 g v A1 ) 288 78 3k i v 28O B 8k mT A3 T
T B RSEHAIRISAS T A T A A

HEmE

C—— i) i (e B8 IR T
E——15ALHE, J/mol;

—— I

by SN R R AL

ne AN e

n—— KN i (AL BN

r—He— I W) E RS IS T B RR A 2 S N )

IRE, mol/(min-m?) ;

R——PI i i 2 w5
T— AR K
x——H 0 i M EEIR 1K

e FEREFIAMIR 5 5 AR, mPa-s;
p, AT iR AR mPa-s.
57 3Lk

(U] W%, 0 Seai , WU ST, 45 . HR I e e b4 B T L 22 TR i A Al Ak
[J]. 3l b i 5 R 1%, 2020, 27(6) :91-99.

HU Bo, ZHENG Wenqian, ZHU Yangwen, et al. Optimization of

injection method for viscosity reduction chemical flooding in
heavy oil reservoirs[ J ].Petroleum Geology and Recovery Efficien-
¢y,2020,27(6) :91-99.

(2] &g, B2 X0, 55 BIETINE RN U e il
By A 5T % ,2019,38(1) : 116-120.
CAO Chang, LUO Junlan, LIU Lei, et al.Pilot test of the viscosity
reduction by the natural gas injection and lift for the extra—deep
heavy oil [J].Petroleum Geology & Oilfield Development in Daq-
ing,2019,38(1):116-120.

(3] IR, sk I 5 BB 290 Al A 8 2R A B AR B RCR DA
[J ] eI, 2020, 27(6) £ 145-151.
LU Shilin, ZHANG Chengbo. Application effect evaluation of cold

cracking technology with high energy nanowave for heavy oil [ J ].

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11

[

[12]

[13]

Special Oil & Gas Reservoirs,2020,27(6) : 145-151.

IMG IR, G, ZOE A5 BRI CO, 38 m R ISR S
REBFIELT ] AT SE 45, 2020,42(6) : 1 009-1 013, 1 023.
SUN Huanquan, WANG Haitao, WU Guanghuan, et al. CO, EOR
factors in heavy oil reservoirs [J]. Petroleum Geology & Experi-
ment,2020,42(6):1009-1 013,1 023.

K5, RS X LA, 45 A0 4 i A A0 BB A Il PR BOR
SCHRBIEFELT ] i A 5T % ,2019,9(4) : 36-40.

ZHANG Xian,CHE Hongchang, LIU Yisheng, et al.Improved effi-
ciency of in—situ combustion by application of submicro metal ox-
ides particles[J].Reservoir Evaluation and Development, 2019, 9
(4):36-40.

DA BUEY R EOR T Bl [0 ] AR 12,2012,
34(1):107-113.

WANG Weidong. Laboratory research and field trials of microbial
oil recovery techniqueJ].0il Drilling & Production Technology,
2012,34(1):107-113.

kAR BRSSP L 2R BT A R T A
[J ] RERIH A0, 2020,27(3) : 121-124.

ZHANG Man, ZHANG Jun, YE Feng, et al.Prediction model of
economic oil steam ratio limit for heavy—oil stimulation [J].Spe-
cial Oil & Gas Reservoirs,2020,27(3):121-124.

R, T AR, X SN, 25 S 2 il 2 VR 2R YR A i
fiE HeAe [T ] Wi U, 2021, 28 (1) £ 129-132,138.

HAN Yugui, DING Mingchen, LIU Yigang, et al. Comparative
study between alkali-free and alkali-containing chemical sys-
tems for recovering heavy oil [ J . Fault-Block Oil and Gas Field,
2021,28(1):129-132,138.

NG, B A 2R 22 SRR EOK SK R EE AN ik [T
WWFER <, 2020,27(3) : 323-326.

SUN Qiang, HUANG Shijun, LI Quan.Evaluation method of water
driving degree of multi-layer heavy oil reservoir[J ]. Fault—Block
Oil and Gas Field,2020,27(3) :323-326.

AR, A, Ak, 25 IS B G B AL A oL B (0. 7
FHA S T ,2020,20(5) : 1 833-1 838.

XING Yu, WU Yanhua, GUO Jixiang, et al. Microscopic proper-
ties of viscous key components in heavy crude oils [J]. Science
Technology and Engineering,2020,20(5) : 1 833—1 838.

FOAR, sl TEEE L A5 . HR T P R R B A B AR B
7 [J ] Rl U, 2020,27(6) - 133-138.

WANG Xudong,ZHANG Jian, SHI Leiting, et al.Study on viscosi-
ty reduction mechanism and oil displacement effect of heavy oil
activator [ ] ]. Special Oil & Gas Reservoirs, 2020, 27 (6) : 133—
138.

B, RURIR 2548 S IR B D A i) e L) ] M
A5 TH,2013,43(6):53-58.

CUI Min, WU Lele, LI Chuan, et al.Preliminary study on high vis-
cosity of heavy oils[ ] |.Petroleum Refinery Engineering, 2013, 43
(6):53-58.

RRHE, ERGbR TR AE BRI IR E B RO R R AR ST AL AT
(] R IRAT LR 5 7T 42, 2021,40(1) : 110-116.

ZHAO Lin, WANG Zenglin, ZHANG Xing, et al. Mechanism of

the self—diffusion viscosity reducing system in heavy oil reservoir



508 %

634

TR ARRCRR K BRI e A~ W 5 KB AR

21

[17

[18

[19

[22

[

[

]

[l

]

[a

[l

[

[J].Petroleum Geology & Oilfield Development in Daging, 2021,
40(1):110-116.

RZUE AT AT S BN R IT SR B AR RS e[ .
1AL T,2020,49(8) :96-97, 101.

PI Zhiyang, JIN Lei, LI Dexuan, et al. Heavy oil viscosity reduc-
tion technology and research progress[J].Shandong Chemical In-
dustry,2020,49(8) :96-97,101.

GAO Changhong, SHI Jing, ZHAO Fangjian. Successful polymer
flooding and surfactant—polymer flooding projects at Shengli Oil-
field from 1992 to 2012[J].Journal of Petroleum Exploration and
Production Technology,2014,4(1):1-8.

TR b N L g A A B L€ ST 1SR | ERS iR |
—— 4 5 R A WS HPAM XF L [T ], i ZORPE 5 9 %
2020,10(6) :65-71,102.

LIANG Yan, WANG Zenglin, SHI Shubin, et al. Heavy oil dis-
placement —mobility control and heterogeneity adjustment: asso-
ciative polymer versus HPAM[ J ].Reservoir Evaluation and Devel-
opment,2020,10(6) :65-71,102.

FN BT, I, 25 ZAL A BTN 7K A i B LR R R A TR
BARAE R ABURIE 2 [T ] 3 T BT S R MR L 2020, 27(6) - 81~
90.

LU Chuan, WANG Yaqing, WANG Shuai, et al. Characterization
and sensitive factors of non—isothermal flow of oil-in—water emul-
sion in porous media [J]. Petroleum Geology and Recovery Effi-
ciency,2020,27(6) :81-90.

WANG J, DONG M.Optimum effective viscosity of polymer solu-
tion for improving heavy oil recovery[ J |.Journal of Petroleum Sci-
ence and Engineering,2009,67(3) : 155-158.

KUMAR Sunil, MANDAL Ajay. Investigation on stabilization of
CO, foam by ionic and nonionic surfactants in presence of differ-
ent additives for application in enhanced oil recovery [J]. Applied
Surface Science,2017,420:9-20.

MOORE T F,SLOBOD R L.Displacement of oil by water—effect of
wettability, rate,, and viscosity on recovery [R].SPE 502,1955.
WEGNER J.Investigation of polymer enhanced oil recovery (EOR)
in microfluidic devices that resemble porous media—an experimen-
tal and numerical approach[J].0il Gas European Magazine: Inter-
national Edition of Erdol Erdgas Kohle,2015,41 (3):137-142.
ZRAEN, PR A L ST SK R X = 0 B A DK T8 3R i ) 52
otk FEL1]). A7l , 2006,27(5) : 96-98.

LI Huabin, CHEN Zhonghua.Characteristics of interfacial tension
and oil displacement efficiency with alkaline—surfactant—polymer
flooding techn(lhlgy[ﬂ Acta Petrolei Sinica,2006,27(5) :96-98.
AR IV BRALAE A5 RS CO,SRHE Ry SR 32 il TR 3
SHIFRBEA R KL ]GRO 5 T %, 2020,10(3) 1 1-
14.

LI Shilun,SUN Lei, CHEN Zuhua, et al.Further discussion on res-
ervoir engineering concept and development mode of CO, flood-
ing—EOR technology [J]. Reservoir Evaluation and Development,
2020,10(3):1-14.

FEA R, Toll & AT, A5 ORI SR A AT 55 1 e [ ] il
MfE2%,2013,30(4) : 620-624.

[25

[26

[27

[28

[29

[30

[31

[32

[

]

[

]

[

[l

]

[

CHENG Limin, WANG Yefei, HE Hong, et al. Research and ap-
plication progress of profile control and displacement with foam
[J].0ilfield Chemistry,2013,30(4) : 620-624.

TAH G e, T AN R i P e Sl P Al b TR
— AR ] P E AR, 2020,25(2) :43-50.

WAN Xuxin, XIE Guanglong, DING Yugang.Exploration on geolo-
gy—engineering integration of hard—to—recover reserves in Shengli
Oilfield[J ].China Petroleum Exploration,2020,25(2) :43-50.
PEI Haihua, ZHANG Guicai, GE Jijiang, et al.Study of polymer—
enhanced emulsion flooding to improve viscous oil recovery in wa-
terflooded heavy oil reservoirs [ J ].Colloids and Surfaces A : Physi-
cochemical and Engineering Aspects,2017,529:409-416.

I ULLIR TR, A5 BT RER BUIR 5 R 07 Il ) 2
TRBTLT ] FFAh <, 2020,27(6) :30-39.

JIANG Qi,YOU Hongjuan, PAN Jingjun, et al.Preliminary discus-
sion on current status and development direction of heavy oil re-
covery technologies [ J]. Special Oil & Gas Reservoirs, 2020, 27
(6):30-39.

AL T30 2, RV R T HDNS 5 Fe Y it
TFR e i M B ARWITE[CL. P42 2019 3 IR 5 T &
PR e 304, 2019:980-987.

WANG Chuanfei, WEI Tao, LI Wei, et al.Features and follow—up
replacement techniques of multiple cycles HDNS for low and thin
super—heavy oil reservoirs[ C].Xi”an: International Field Explora-
tion and Development Conference,2019:980-987.

REEE, Yo PO, PR, 55 KA1 3-SR R 20 ) e 286 B UL i
ALY ] il TSR3, 2020,27(5) :62-70.

XIONG Yu, LENG Aoran,SUN Yeheng, et al.Study on the mecha-
nisms of viscosity reduction and microscopic oil displacement of a
water—soluble dispersed viscosity reducer[]]. Petroleum Geology
and Recovery Efficiency,2020,27(5) :62-70.

FEAE ALY, 22205, 45 BRI TR IR P ol st o FA 24 L B
BB AT ATPEDT T ) ] i R4 5 T %, 2020, 10(2) : 90~
93.

CHENG Zhongfu, REN Bo, JIANG Yingfang, et al. Feasibility of
ground thermal cracking viscosity reduction and re—mixing tech-
nology of heavy oil in ultra—deep wells of Tahe Oilfield[ ] ].Reser-
voir Evaluation and Development,2020,10(2) :90-93.
TR, B TS T L A R T2 T A A TS K
R fei 2 KRS ANAZ I R [T ] A A R R L 2020, 48(4)
111-117.

ZHANG Jilei, LUO Xianbo, HE Yifan, et al. A new potential fine
trapping technology for high water cut stage in heavy oil reservoirs
with bottom water based on physical properties of the reservoir
varying over time []]. Petroleum Drilling Techniques, 2020, 48
(4):111-117.

BUCHGRABER M, CLEMENS T, CASTANIER L M, et al. A mi-
crovisual study of the displacement of viscous oil by polymer solu-
tions [ J].SPE Reservoir Evaluation & Engineering, 2011, 14(3):
269-280.

&g x At



