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EOR mechanism of viscosity reducer flooding in heavy oil reservoirs

WEI Chaoping, LI Weizhong, WU Guanghuan, DENG Hongwei, SUN Yeheng, MIN Lingyuan

(Exploration and Development Research Institute ,Shengli Oilfield Company , Dongying City ,Shandong Province 257015, China)

Abstract: In order to systematically study the mechanism of enhanced oil recovery (EOR) of viscosity reducer flooding,
which is a new development method , a single—tube sand—packed model, a three-dimensional sand—packed model , and a mi-
croscopic glass etching model were used to test the oil displacement efficiency and the sweep efficiency of the viscosity re-
ducer flooding, and analyze its causes. The experimental results show that the viscosity reducer flooding enhances oil recov-
ery by increasing the oil displacement efficiency and the sweep efficiency. Compared with water flooding, the viscosity re-
ducer flooding improves the oil displacement efficiency by 13%, and the mechanisms are as follows : Dthe crude oil is dis-
persed and emulsified to form small oil-in—water droplets, which is conducive to reducing the apparent viscosity of crude
oil through a narrow throat ; @the interfacial tension is reduced , the number of capillaries is increased , and the residual oil
saturation is reduced. Simultaneously, the viscosity reducer flooding increases the sweep efficiency from 18.8% to 39.9%.
The mechanisms are as follows : Demulsion profile control and flooding. The dispersed and emulsified crude oil enters the
water channeling channel , which causes the water percolation area to decrease and the resistance to increase , and the subse-
quent injected liquid enters the previously unswept area; 2 Jamin effect. The small viscosity—reduced and emulsified oil
drops aggregate to form large oil drops blocked at the throat, and the surrounding displacement fluid turns. This study clari-
fies the EOR mechanism of viscosity reducer flooding, and lays the foundation for the subsequent studies of the develop-
ment technical limit and field application.

Key words: viscosity reducer flooding; ordinary heavy oil; EOR; mechanism analysis; emulsification; profile control and

flooding
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Fig.1 Experimental device of microscopic glass
etching model for oil displacement
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Fig.2  Oil displacement efficiency and water cut curve of
single—pipe sand—packed model
for oil displacement
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flooding and viscosity reducer flooding
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viscosity reducer flooding

SR LA AR AR E i i)
RE 2 A AR BT, AE /LR AR TE Bl BT SO0, i s 3K
BT 1) PR 8b H Y — KUBCOR I HE AT BRER
Mro ERERGIS , ERL LA LA/ (& 9a
W R | ) I BRI ORI 4 T LGk AL (&1 9b
Rl , b T BB, X K A i T B AR

P KR R e 1), ] P 2 T oA R A 5 B DX 1 A i
PR

a— e 3 70 T 3

OO BERLERER, ARk

CO Aty ww R IR TR, K T E
Blo BRI IR B B R

Fig.9 Jamin effect of viscosity reducer flooding

b 771 3K 5 39

1EJ2 H T LA IR RN BTN PR AT 18T 3 A
TEAJE 750 5 10 BT s i e, TR ) 284k
MO 3 — A5 U 52T [ ) K e e v 3] 0K o 3
VEHIRAFAE S

3 4

Ik 285 751) 0K 38 Ao v SR ER 503 AR e B R B 2
A7 B R IE

PR BRI AR I 2 R R WY A X KK R
F IR AT 42 v R R 13% 3 A MO0 BIK ik 52 36
BT, L 3 BT A50R R B 5 2 A i 1R O kL
A N1 TR o R O N R S R RS RO 2
75 [ M [ Ao A AR D Sk A 8 UL 286 8, 38 5t HL I 8
P s QFEAR ALK T, 38 0 B A EL, R AR ER A v AR A
.

= Y SRR IR AR R S G 2% SR B BRI 9K TT
DL K Z2 80 K BR 18.8% 2 /& 31 39.9% ., i it
TROULIIK P S8 20 B, oK DI Rl 398 Jin 9 S 22 8% E 3l
it 2448 - OFL IR 9K 43 80EL Ak Y TR 7E 3 B
T EHE A B BB 1 /N K S T KB T TR
AN BRI RN, S BUG 2211 AIEA LLRT A K X
358 QBT UBON , B 2L AR /N T T B I I T b
FEALMEAL 5 R SR B VA 1

5% Sk

(1] XUSHEE, Fuik, FMELEL 55 RA WU 37 B HTR B AR SR A 5T
SR BT SRR, 2014,21(2) :22-24,31.
LIU Zhaoxia, WANG Qiang, SUN Yingying, et al.Study and appli-
cation of new technological limit for polymer flooding in field ap-
plication [ J ]. Petroleum Geology and Recovery Efficiency, 2014,
21(2):22-24,31.

[2] 258K, W2 KR, 5 R Y HERA SO F I B X )
IR B9 5 Wi —— LA s i A [ ], B R, 2018, 25
(2):262-265.



-136- Mmoo M

Jit

5

R oMo

20204F3 A

(6]

—
—_
=]

[t}

[11

[l

LI Qiuyan, YUE Xiang’ an, YANG Changchun, et al.Effect of ef-
fective distance of polymer microspheres on profile control : a case
study of Gaogiannan reservoir[ J |.Fault—=Block Oil and Gas Field,
2018,25(2):262-265.

JE AN R PR — | 2 2 SR A W IR TR R A8 AR R A AL AR
[J ] WU, 2015,22(5) :610-613.

ZHOU Congcong.Variation laws of injection and production index-
es of polymer flooding in primary and sub—layers in Daqing Oil-
field[J ].Fault-Block Oil and Gas Field ,2015,22(5):610-613.
PR, 1 [ XIS AT A5 L L RS RS B R R
FORLIL A 5 R I, 2015,22(1) : 93-97.

XIE Xiaoging, FENG Guozhi, LIU Liwei, et al.Study on enhanced
oil recovery technology after polymer flooding in offshore oilfield
[J].Petroleum Geology and Recovery Efficiency, 2015,22(1) :
93-97.

ASGHARI K, NAKUTNYY P. Experimental results of polymer
flooding of heavy oil reservoirs [ C]. Alberta: Petroleum Society’ s
59" Annual Technical Meeting,2008.

SRFT B2, AR T AR 8 BRI B R 85 5 /K R 4
R R MR T BT LT ) AT AR A, 2018,46(5) :83-89.
ZHANG Li, YUE Xiang” an, WANG Yougqi. Research on large
scale heterogeneous model based EOR methods for ultra~high wa-
ter cut reservoirs [J]. Petroleum Drilling Techniques, 2018, 46
(5):83-89.

AR, JE BT TR I O 2 IR R A S RE A
[ ] R B 5 71 4, 2018,37(6) : 98-102.

YANG Fulin, FAN Meng.Preparation and performance evaluation
of the new—type scale—resistant complex alkaline flooding system
for the heavy oil [ ] ]. Petroleum Geology & Oilfield Development
in Daqing,2018,37(6) :98-102.

TR BB i R Tt T g 245 3 T 2 ) R HL AT IR AR K
HPERER ST ] Al A R EA, 2018,46(3) 1 98-102.

WANG Youqi.Oil displacement performance of alkanolamide sur-
factants and its compound system for high calcium and magne-
sium reservoirs[ J ].Petroleum Drilling Techniques,2018,46(3) :
98-102.

SRS, sRAH B, XA, 45 A CT i BoRDFR )= N AR
St 2 B AR AR L . ik BT R R, 2015, 21(1))
78-83.

ZHANG Guanliang, ZHANG Zubo, LIU Qingjie, et al.Study on ef-
fects of polymer flooding on layered heterogeneous reservoirs us-
ing CT scanning[ J].Petroleum Geology and Recovery Efficiency,
2015,21(1):78-83.

R . DA DX S 3 T 2R W R DA 34328 o 128 4 A1 L%
BUAFE L) ]l LTS R, 2014, 21(5) :69-72.

LIU Haibo. Dominant flowing channels distribution and seepage
characteristics after polymer flooding in Daging oilfield[ J ].Petro-
leum Geology and Recovery Efficiency,2014,21(5) :69-72.

T VRREDS SRR . 5% 40 MBI Ee R & gk vl 15 =
SRRHTEL ] Wi, 1998, 5(1) :45-49.

JIANG Ming, XU Zhenfang, ZHANG Tielin. Experimental study
on feasibility of polymer flooding of heavy oil reservoir for Block

Qi40[JJ.Fauh—Bl()ck 0il and Gas Field, 1998,5(1) :45-49.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AGUIAR J, CARPENA P, MOLINA-BOLIVAR J A, et al.On the
determination of the critical micelle concentration by the yrene 1:
3 ration method[ ] ].Journal of Colloid & Interface Science, 2003,
258(1):116-122.

TR, SRR B S AR HDCS @ RO R AR 5
[J] B 120,2009,32(6) :52-55.

LI Binfei, ZHANG Jiguo, TAO Lei, et al. Mechanism research on
HDCS high efficiency exploitation technology for ultra—heavy oil
reservoir[]].Drilling & Production Technology,2009,32(6) : 52—
55.

XIE Huizhuan, ZHANG Fusheng, DONG Lijian.Study and appli-
cation of the viscosity reducer used in production of the viscous
crude oil[C].SPE 65382-MS,2001.

F s, B, B, A5 AR X E 601 DX B J2 8 74
HDNS F ARG G B RCR P (1], 48l it <0, 2011, 18(4)
59-62.

WANG Jinzhu, WANG Xuezhong, LIU Kai, et al. Evaluation of
HDNS pilot test for shallow ultra=heavy oil in the Pai601 block of
the Chunfeng oilfield [JJ.Special 0il & Gas Reservoirs, 2011, 18
(4):59-62.

SUN Jianfang, LI Zhengquan, WU Guanghuan. Advancement and
application of thermal recovery technology in heavy oil reservoir
in Shengli petroleum province| C ].IPTC 14582-MS,2011.
R, BAd , B 8, AU ARG R X b S i B i e
HEPEREITOT [T ] 3 BT 5 R0 %, 2015,22(4) 1 109-113.
WANG Dawei, ZHANG Jian, LU Xin, et al. Evaluation of Gemini
surfactant for viscosity reduction of heavy oil in offshore S oilfield
[J]. Petroleum Geology and Recovery Efficiency, 2015, 22 (4) :
109-113.

R 7ACAE , 490 . LT {7t EL R R 37t e 6 70 B TR ok B LD ). R R
AR F R, 2004,28(6) ,20-22.

LIU Yongjian, JIN Bo.Preparation and application of a viscosity—
reducer for extra heavy oil of Liaohe Oilfield [J].Journal of Daq-
ing Petroleum Institute,2004,28(6) : 20-22.

LG . BT R i AR R SR i o BRI (D ] PR
RPA =B, 2007.

WANG Jianfeng. Physical simulation research of viscosity reduc-
tion agent for flooding in Alaxin heavy oil reservoir[ D ].Daqing:
Daqing Petroleum Institute ,2007.

A, A P S OB TR T e S ML R
AR A A, 2002: 284287,

CAI Rucheng, LI Yang, SUN Huanquan, et al.Engineering meth-
ods and applications of il and gas reservoirs[ M ].Dongying: Press
of University of Petroleum, China,2002:284-287.
ARZLRN , 2555, MRS L, 45 30 HA M A2 70 3K 5 2R B
LA ALY ] A AL TR AR R4, 2015, 28(1) : 59-64.
ZHAO Hongyu, LI Meirong, QU Caixia, et al. Microscopic dis-
placement mechanism of ordinary heavy oil by viscosity reducer
and polymer flooding [ J]. Journal of Petrochemical Universities,

2015,28(1):59-64.

“Rig

PUEI e



