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Heterogeneous combination flooding system for reservoir after polymer flooding in
Shuanghe Oil Filed

WANG Zhengxin', ZHANG Lianfeng', YANG Lu', LIU Yanhua', LU Jun®, ZHANG Zhuo'

(1.Exploration and Development Research Institute, Sinopec Henan Oilfield, Nanyang, Henan 473132, China & Henan EOR Key
Laboratory, Nanyang, Henan 473132, China; 2.0il and Gas Development Management Division, Sinopec Henan Oilfield,
Nanyang, Henan 473132, China)

Abstract: For the reservoirs after polymer flooding, the heterogeneity is stronger and the remaining oil distribution is more
dispersed, conventional chemical flooding in consequence is difficult to further improve oil recovery effectively. Therefore, a
heterogeneous combination flooding system consisting of polymer, preformed particle gel (PPG) and highly effective surfactant has
been designed according to the features of medium—high permeability sandstone reservoir in Il x layers of Shuanghe Oil Filed after
polymer flooding. Thereafter, the selection of flooding agent, evaluation of thermal stability and Optimization of injection mode have
been studied. The experimental results showed that the obtained P/PPG/S system has excellent high viscoelasticity, ultra—low
interfacial tension, and thermal stability, which can effectively improve reservoir heterogeneity, expand sweep volume and enhance
oil displacement efficiency. Core displacement experiments showed that the oil recovery could further enhance by 27.8 % after the
combination flooding of P/PPG system and P/PPG/S system under simulated reservoir conditions. Thus it provides a technical
method for effectively enhancing oil recovery after polymer flooding in Shuanghe oilfield.

Key words: reservoir after polymer flooding, heterogeneous combination flooding system, preformed particle gel (PPG ), surfactant,

enhanced oil recovery(EOR)
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Table 1 Comparison of viscoelasticity
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1200 mg/L P 27.7 645 323 2.7
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1200 mg/L P+600 mg/LD  67.2 691 381.8 60.5
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Fig. 2 Injection pressure variation of P/PPG heterogeneous system (PPG in turn is B, F, D; P is ZJ-2) in consolidated core
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Table 3 Performance evaluation of surfactant HN-4
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Fig. 3  Influence curve of surfactant concentration on

dynamic interfacial tension
2.3 FHHEESEREREITMN
23.1 RREEBIEHAAK R LTI

SR RG] 7 H 7K 43 S EC D 1200 mg/L Z]-2 R A



82

RN ST A

FH10%E

YR, 1 200 mg/L ZJ-2+2 000 mg/L. HN—-4 — Ak
£, 1 200 mg/L Z]J-2+600 mg/L. PPG A ¥JH 1k % ,
1 200 mg/L ZJ-2+600 mg/L PPG +2 000 mg/L. HN-4
PIMR R XL B T3 — AW . PS Tk & .
P/PPG AE AR 2 PIPPG/S AE S FH A 22 A B 1k 1
FLETPERE (R 4 18 4), AT PEAS R A AR AR R 305 R
AR R BRI

-
—8— 1200 mg/L P+2 000 mg/L S
~ —&— 1200 mg/L P+600 mg/L PPG+2 000 mg/L S
g
. 0'1 -
Z
E
~
R
¥ 0.01F
=
S
0.001 L - )
0 50 100 150
5 ] /min

P NG L ST NS PO A T P HEE2
Fig. 4 Dynamic interfacial tension of different oil

displacement systems

SIZEIREI )T PPC SR EWRERIAR T,
30 4 PPG 5 R B AR B80T W T 45 46
JEEP, (A5 32 A R BROGHIORE (4 B PR A e BSR4
B — RS W WK R AR R B 200 b 12 25 1
(F3) , ARBAAIR R T, BU% T 2R G Y I 26
PERYRR S, I, RERS E— 2D 4R S I R, B AL
WU SR 5 2) & TG PR 770 K B2 2 000 mg/L 1, P/
PPG/SHEMIARIE &1 R BLAL 5L PIS — ok Ry S ok
J1A BT BT, PPG AN KE K T 2 11396 14 77 R A AL
T 5K 7 AR IR (T 4) B4R R Ak 7 mT DL 2]

107 mN/m B0, ATTREAE A db e 4 3R TG P A A 5
T P BE 5 3) it 75 1 200 mg/L P +600 mg/L PPG+2 000
mg/L S AJ L3k 3| B 47 (12U BE | R A AR At
#1577, NI 2 BB T B AR AR A 3R 0w LA AR A
FREA WL I R A E & nse

232 ALFRFR KB AAEE RN

SRR 7= H K A3 A EC I 1200 mg/L ZJ-2 R 4A
IR, 2 000 mg/L HN—-4 R TG HEFIATR, 1 200 mg/L,
7J-2+600 mg/L PPG A4 AHIK & , 1 200 mg/L Z]-2+
600 mg/L. PPG +2 000 mg/L. HN-4 {E AR 1A & | PO Fil
SKIMAR R AE 71 CHAF T 44690 ~ 180 d J5 I 2 MW EL
JBE AT LR ) A R B DGR LIRS

S AT LA Y 1) FE 71 CRIE b, 5
— RV IFNES B 4 Frfas s PIPPG AR AR &R
NG Tt PIPPG/S AR AR 22 25 W] 1 4 o,
FEG VR A 2 A R AR T &5 2) 2246 90 d it 72
1, P/PPG 5 P/PPG/S Y AR A Z (1) 5 P A5 £ W) dik 1
MG R F VAR, P AR RS BEAH 22 80K, Bk
PEREAR 2, 2 W2 11 75 1 700 06T Sl 2 AR R R 1 o A
A R 5 3) B PERE Jr T, PIPPG/S AR MR &
PRZR AT K ST K T S R RS N, i T, 180 d
AT R S K ) AT DLAEREE 5% 107 mN/m LA
T, BEsE TERe R AT

233 IR IEM

w1 FEEATT s 2 HBEERT, A Dok

R4 AREIFEBUKH R R T EMERERT L

Table 4 Comparison of viscoelasticity and interfacial properties of different oil displacement systems

Lisliile S B (mPa-s) SRR G’/ Pa BRI G” /Pa EARHEGH Pa SHHIKII/ (mN-m™)
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1200 mg/L P +600 mg/L PPG+2 000 mg/L S 60.8 0.396 0.334 0.518 3.02x107°
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Fig. 5 Relation between apparent viscosity, elastic modulus, interfacial tension and aging time of oil displacement system
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