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Abstract: Permeable viscosity reducing displacement agent is a polymer viscosity reducing agent, which has excellent ef-
fects of water—phase viscosity increasing and oil-phase viscosity reducing. It can inhibit water channeling and effectively
improve the recovery of heavy oil by water flooding. From the mesoscopic and microscopic levels, the mechanism of en-
hanced oil recovery by permeable viscosity reducing displacement agent had been analyzed and explored. CT scanning oil
displacement experimental study shows that in the process of simulating heterogeneous reservoir flooding, 2 peaks of pure
oil phase and emulsion phase appear, and the equilibrium utilization of high and low permeability layers is realized. The re-
sults of micro displacement model displacement experiments show that permeable viscosity reducing displacement agent
can form many kinds of fluid forms with heavy oil during the displacement process and play different roles in the process of

reservoir flooding : the formation of oil—in—water (W/O ) emulsion at the initial stage of displacement will enlarge the swept
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volume. Continue to inject the agent, W/O emulsion can be converted into water—in—oil—in—water (W/O/W ) emulsion to im-

prove flow capacity. The formation of micro emulsion can improve the stripping efficiency of oil phase on rocks. The distri-

bution characteristics of remaining oil after displacement by permeable viscosity reducing displacement agent show that the

relative content of cluster flow and drop flow is significantly reduced , indicating that it has excellent sweep expansion and

oil washing effect, which has important reference significance for remarkable improving the recovery of low efficiency water

flooding heavy oil reservoirs.
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Fig.1 Molecular structure of permeable viscosity—reducing
oil displacement agent
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Fig.2  Micro—etching model construction
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Fig.4 Variation curve of oil saturation in high—permeability

layer in whole process
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Fig.6  Transformation from W/O to W/O/W emulsion
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Fig.10 Remaining oil distribution after water flooding and
permeable viscosity—reducing agent flooding

70
60 - | G
© 50 -
S0l B zmm s mom s
&
= 30
= 20 |
10 I
0 1 ' 1 . 1
mR 2R R RN JEAR
ol A2 R
Bl FRBEXNSE
Fig.11 Relative contents of remaining oil
3 4k

15 15 1 o i 70 2 — b SR 5 W B T 4 R
HAT R i /KRH 2o 2 R ARR AR 285 B P, l 5 2
AR K DR BEE L, 7 I B (AR, BE K M 2 i /K i
PR R o SR T CTT 4148 FHAROUL 2] b A 7R 5 52
56X 1 125 I 28 90K 790 i R SR AR A WL BT R 23 B
FERE . AR AR CT I SRR, B3
558 200 X 79 S AR v o B T AR LB 2R
T 5 A VAR 10 25 U PR 3 40 R B, 8 B
Jo0 S0 7R R A S0, SRR AR v B A e R
BER RIS

TR 221 e A B S 6 45 SRR B, 8 8 B R K
RS R 9K B Be e 7 AR AN R 7 H OB 26 < 1
A, H T8 02 R K R K AR IS B A
RV AN A 3 B 1 3 A 2R e 7R E AR
AR OB LA R W70 BYFLH , T e 6k W/
O B ZL AR g B AH 52 B 1 4400 S5 AR BTN

W/O BUFL W i — 20 By VI ) T sh ) W/0/wW Al
FLW B2 7B TR T s EA G ], K8 B 5 A
S 705 55 A T 2 Ak, 5 B B T L YRR 52
PRI B 0 B, 4R T VRTACRE . RIKIKAR L, 3
75 V56 285 K e 70 AT S 3 AR AR A R R TR TR v A
X Er i, BB L ELAT R U SR BT ACR,

SZ 3k
(1] s, S8, NG A0 25 FR L AL RS 77 S—5 (AT K2 Rz

AL RS A0 i AG T2 2, 2004, 5(10) : 18-21.

CAO Yanbin, GUO Shengxue, TANG Peizhong, et al.Preparation
and application of emulsifying viscosity reducer S=5 in heavy oil
[J].Advances in Fine Petrochemicals ,2004,5(10) : 18-21.

(2] Wil A SCg, BUAMSC, A5 B T i e 26t A = B i A U fk

LI L. 355 R i ¢, 2020, 27(6) : 9199,
HU Bo, ZHENG Wengqian, 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.

[3] THOMAS S S, FAROUQ A M, SCOULAR J R, et al. Chemical
methods for heavy oil recovery [ J].Journal of Canadian Petroleum
Technology,2001,40(3) :56-61.

[4] RAFAEL D’ Elia-S, JOSE Ferrer G.Emulsion flooding of viscous
oil reservoirs| C ].SPE 4674-MS, 1973.

[5] AZRI N Al, JAMAL E, MURSHIDI A, et al. Polymer injection in
heavy oil reservoir under strong bottom water drive [C]. SPE
129177-MS,2010.

[6] ZHOU W, DONG M, LIU Q, et al. Experimental investigation of
surfactant adsorption on sand and oil-water interface in heavy oil/
water/sand systems| C ].SPE Paper 2005-192,2005 .

(7] RATTIRSCE, TMEAR , A5 ot v it 3 268 570 X)) i 1740 2

FwEFE L)1 H LS T, 2008, 38(6) :366-369,416.
WU Benfang, ZHANG Wenyu, WANG Xiaodong, et al. Study of
application of high—temperature-resisting viscosity—reducer for
extra—viscous crude oils from Henan Oilfield [ J ].China Surfactant
Detergent & Cosmetics,2008,38(6):366-369,416.

[8] ke, AR, R, 55 Rl EFL AL RE R 5 2 RO

e 1) g A AR SR S [0 ). R R A b B 5 0T & , 2019, 38
(6):102-108.
ZHANG Xingjia, LU Xiangguo, WANG Wei, et al. Experiment on
the combined operation effect between the emulsification viscosi-
ty—reduction and “macroscopic and microscopic” diversion for
heavy oil reservoirs [ J]. Petroleum Geology & Oilfield Develop-
ment in Daqing, 2019 ,38(6):102-108.

(9] BBRIL, sk DA, 61, 25 . Sy R i % ) 109 5 Jee [ . 3ol FH
fE2:,2007,24(3) :287-292.

GE Jijiang, ZHANG Guicai, JIANG Ping, et al. Development of
surfactants as chemicals for EOR[J].0Oilfield Chemistry, 2007, 24
(3):287-292.

[10] Bl &, Z 2k O, X i 9t . T Ik i 5 78 9 1 0% 14 70 K JFC A il FH

TR L] H AR AR, 2000, 23 I 1) 1 130-132.



-134-

L.

Jit

5

XKoo R 2021411 A

—
—_
—_

[

—
NS}
[

WANG Yefei, LI Jiyong, ZHAO Fulin.Srufactants with high ther-
mal stability and salt resistance and high salinity and their appli-
cation in oil field[J]. Defergent & Cosmetics, 2000, 23 (Supple-
ment1) : 130-132.

Ak AR BORE , A5 3 A A VA Y S
FEBFFELT]. AR, 2007,12(3) :46-50.

LIN Yuqiu, YANG Chundong, ZHAO Hui, et al. Optimization
study on development scheme conversion after cyclic steam stimu-
lation for conventional heavy oil reservoir [J].Sino=Global Ener-
2y,2007,12(3) :46-50.

MICHAELS A S, STANCELL A, PORTER M C. Effect of chro-
matographic transport in hexylamine on displacement of oil by wa-
ter in porous media [J].Society of Petroleum Engineers Journal ,
1964,4(3):231-239.

LENORMAND R.Liquids in porous medialJ].Journal of Physics
Condensed Matter, 1999,2(S) : SA79.

CHATIZE I, MORROW N R, LIM H T.Magnitude and detailed
structure of residual oil saturation [ J].Society of Petroleum Engi-
neers Journal, 1983, (4):311-326.

DVIS J A,JONES S C.Displacement mechanisms of micellar solu-
tions[ J ].Journal of Petroleum Technology , 1968,243(20): 1 415—
1.428.

AUGUSTINE A, Radzuan J, AFEEZ G. Mechanism governing

nanoparticle flow behaviour in porous media: insight for enhanced

[17]

[18]

[19]

[20]

oil recovery applications [J]. International Nano Letters, 2018, 8
(2):49-77.

DULLIEN F A L.Porous media: fluid transport and pore structure
[M].New York: Academic Press, 1979:394.

T AL, EEE . AT T A3 A BRI T IR K K
JEREHLT ] FRF M R, 2004, 11(4) :7-11,22.

GAO Boyu, PENG Shimi, WANG Jianbo.Research status and de-
velopment trend of residual oil generation and distribution [J].
Special Oil & Gas Reservoirs,2004,11(4):7-11,22.

EIOAR, s, R RE L A5 . HR G TR A b LB SR AR B
FELT )RR, 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 [J}.Special 0il & Gas Reservoirs, 2020, 27 (6) : 133-
138.

WS, B o, EEOY 55 T RONE TR IR A /K 305 5k A
TS FAHLEBTZEL ] URPFY 50T %, 2020, 10(6) : 46-52.
YANG Tingbao, ZHONG Huiying, XIA Huifen, et al. Mechanism
of residual oil mobilization after water flooding based on micro-
scopic flow characteristics [J].Reservoir Evaluation and Develop-

ment, 2020, 10(6) : 46-52.

e I 2



