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Abstract: For the success of the implement of chemical flooding in Daqing oilfield, the viscosity, molecule coil size and molecular
configuration of polymer solution, polymer/surfactant compound system, strong base alkali—surfactant—polymer (ASP) system and
weak base ASP system, and the permeability range of the shale core and its influencing factors were studied under the same condi-
tion. The results showed that under the same condition, the viscosity and molecule coil size were in a descending order as: polymer/
surfactant dual system, polymer solution, weak base ASP system, and strong base ASP system. While for the core permeability lim-
it, the order was: polymer/surfactant dual system, strong base ASP system, polymer solution, and weak base ASP system. The rea-
son was the bigger the molecule coil size was, the higher the core permeability that the oil-displacement systems could get through
and the greater the permeability limit would be. But the strong base ASP system could react with the minerals in the cores, which re-
sulted in the blocking of the core pores and the increase of permeability limit. The viscosity and permeability range of four kinds of
oil-displacement system decreased with the increase of the shear strength, but the shearing action led to the oriented arrangement
of the polymer molecules, the change law of polymer molecules in the oil-displacement system after shearing action was unobvious.
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4012.7 mg/L. HFFTZ:0.45 wm BERETDE
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Table 1 Influence of flooding type and molecular
weight on flooding systems viscosity(C»=1 000 mg/L)

mPa-s

YK A 28 PR [V SR G IR 231 it i 66 B

LIRTHIENA
400x10* 800x10* 1 200x10* 1900x10°* 2 500%10°
REYER 46 125 17.7 21.1 27.7
Rz ok R 51 12.8 18.2 21.7 28.3
FRH =T 3.5 5.8 8.6 10.5 11.8
=T 42 6.6 9.2 11.2 12.8

WA =TT E AR AR Z i =8 AR R i
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K G K BE ] C=5 000 mg/L B EWIEEH , AR5
FV5 K F B2 Co=1 000 mg/L, K H warning iR 20 0)
HCHEAT 3 U FY (BREBEAR 2R 30 15 % (2 5), 30 %
(4 5)F145 % (10 s) ) , 5 MUK I e J3 2R i 37 14 )
FBE . PURNSRI A R R S A R LR 2,

MFR2 0T LI Y, Bl 5 D05 B3 I, 3K A R 5
JEZET TR, FEDURPSRIMAR R, R TR R AR

F2 HYBEREXMIKHRERFERMER
(C-=1 000 mg/L)

Table 2 Influence of shear strength on flooding
systems viscosity (C-=1 000 mg/L)
mPa-s
BRI SRS AR 37 B A B
LIS 1200x10* 1 900x10* 2 500%10*

WA TR A B W BB BB B A A
15% 30% 45% 15% 30% 45% 15% 30% 45%

I\
%ﬁ? 145 124 115 18
VAR

15.3 13.7 232 198 18

X =
gjif 152 129 11.8 187 16 141 25 20.8 184
iﬁﬁ 9.8 77 65 124 9.6 82 155 121 98
sji}% 78 64 5.1 95 78 62 109 90 7.0
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A ZR [FIREIA 3 000 mg/L 2 18 75 #4711 12 000 mg/L
) , SR )5 F 15 K # B 2 Co=100 mg/L (R —Iiik %
v 8 T 1 M SR B C=300 mg/L, =0 Sk &
Cs= 300 mg/L FIHEH E C,=1 200 mg/L) . PURHBRIH {4
AP REY T RERR ST DRSS R W 3.
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Table 3 Influence of flooding type and molecular
weight on polymer D;in flooding systems

RAYIARIFFIX 73 B D,
400x10" 800x10° 1200x10" 1 900x10*2 500x10*

LISl

REWIEW 1736 191.6 2096  223.1  260.7
RBFERIUAR 2136 2316 2421 2508  279.1
MW=L AR 1530 1671 1764 180.8 2233
S —IotE AR 1592 1762 1915 2031 2436
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2) SYLIEEE XTI A R T R A Y DL

K FHIE KB H] Co=1 000 mg/L 3 AW i (3 3
G R FBHINA 3 000 mg/L K FIEVER], =84S
P Z [FIEHIILA 3 000 mg/L 2 1 1 #4751 A1 12 000 mg/L
) , >R FH warning 5 45 X R T 5T VIR T (Z6 B4

KA MM 15 %(2'5),30 % (4 5)F145 % (10 s) ), 2R)5
FHTE KRB 2 =100 mg/L( R £ ok & €=300
mg/L, ZJCE AR F T C=300 mg/L fil C,= 1 200 mg/
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Table 4 Influence of shear strength on polymer D, in flooding systems

nm

ANFR G WA 53 F B D,

UK 2R 1200x10* 1900x10* 2500%10°
b0 FiPi 15 % 630 % ZiPids % F0o Fhii15 % Fi30 % Fiias% Ao EBi15% FBi30% Fiids %
BEWEW 2096 1795 1624 1854 2231 1893 1783 200.1 260.7 2217 217.1 2338
BETIL 2421 2095 2183 2227 2624 2307 2378 2415 279.1 2323 257.6 266.8
WOt 1764 1892 1693  163.6  180.8  196.4 174.7 172.4 2033 2137 197.8 1975
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ZICIRZRINIA 3 000 mg/L KRG MR, = &

rrrrr
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A H B 25 S L 1
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Fig. 1 SEM image of influence of flooding type on polymer molecular configuration
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Fig. 2 SEM image of influence of shear strength on polymer molecular configuration
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Table 5 Chemical flooding pressure gradient and
subsequent water pressure gradient in polymer
(Cr=1 000 mg/L)

RA YN TAEREE BB P/ Pyl
BRI @K, R AW T2 I HES A i i o (mPa-s)  107wm’ (MPa-m™) (MPa-m™)
TR FEIRA @ 2 5 TR R k. wron a9 B B2 %2
’ 40 6.7 4.0
2.4 BEZRRR 40 9.2 72
BEER 800x10*(P2) 8.1
60 5.3 32
15355 R PR G ORI AR FR ol i O R A b S 0010 s 60 77 55
X .
ARS8 R AH, 0 AT LU O 2 O IR S 56 0 F 80 4.6 2.9
141 o 12 40X 107’ 1.0 ¢ 60X 10"’
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Fig. 3 Relation between injection pressure and pore volume
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WREER R, TR RAEIR R i A P NaOH 23 547
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JIRBEE(Pw) WLER T,
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Fig. 4 Relation between pressure and pore volume

*6 BBEBERR MWFIRENEFFEKENSEE(C=1 000 mg/L)
Table 6 Permeability limit, Chemical flooding pressure gradient and subsequent water pressure gradient(C-=1 000 mg/L)

waw) Ravrmimk BR T S =0T =0
B
’ BB 2) 2% § 2% 2;\ 2%
LiE) ?ﬁ; VR VI ﬂfj YR VA *ﬁj P P *ﬁj Py Pul
T =, (MPa-m™) (MPa:m™) _ ", (MPa-m™) (MPa-m™) _ """, (MPa-m”) (MPa-m™) ., (MParm”) (MPa:m™)
107 mm 107" mm* 10" mm 107" mm
400x10° 40 6.7 4 50 6.1 3.9 45 14.1 9.1 30 7.9 4.7
800x10* 60 5.3 32 80 4.6 2.6 70 11.1 6.7 50 5.8 3.6
1200x10* 80 4.6 2.9 100 4 24 90 8.5 5.4 70 5.1 2.8
1900x10* 95 43 2.6 120 3.7 22 100 7.8 4.7 85 4.4 24
2500x10* 110 4.1 24 135 3.5 2.1 125 7.3 4.2 100 4.2 22

S AREK A (441 ~7.74)x107, BAE AT @IK F (544 ~ 7.68)x107, B34 = Lo 7@ 3K 71 (2.98 ~ 3.96)x107,

R7 WKEENEEFFEKENEE

Table 7 Alkaline water flooding pressure gradient and subsequent water pressure gradient

B Jp WO LB R/ iR i Bl KBRS A6 1/ S S KR IR/
- 7 m 107 wm* % (MPa-m™) (MPa-m™)
AR NaOH ¥ 336 982.49 15 1.2 29.2 152
5508 Na,.CO, #5336 983.15 17 1.2 7.0 6.4
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FE 1% o FRA] L SRAE AT DL 5 25 A o gy
KA, SO R B L Btk BT TS , 9 B
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Fig. 5 SEM images
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AR KA KA T A T TR 2
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KA AR A RR YA AT AT B 2E 25 O LIE™Y, HL i
S il U Uk I8 B 3 E A O LIE , Tl 5 0
AT T . KRB PRSI FRER D], 3Rk — It 2
A 0K R 1 A 2 o SR T R AR AR A K
ATFIEG A Wy 34 R A AN [ AR B v i [) B 505 340 i

BCALBR G A AR AR, &R 43-FLIBRBH ZE , i bl =T 2
GRS U AR K BRSO T B 6.528 %, FLBR
AR 3.360 %o HIL, SRbE =0 AR R R
oy FREMRRT BRI LA 0B BRI 2
HH S KT R SR A PR P 1 08 B R AR R

3) BYUIVEHDAT IR MR R 15 2 AR SR 52 )

DRI A 22 98 15 B A4 0K FE 7 86 BE (Po) I
Je K FTRBRE (Py ) MRS S WK 8.

8T LAE H, FEAR RV R A AR X o7 o i 45
T, B B VIR B RN, R AW R E o
FISROE = TC 5 G U R (157 S PR A0 R . X
5 IR VA YR 1 70 P B B D) 5 B B I B AR
H5 RGN o1 RAER R SF AR EAS K AAT
DU UL, SRR RAEAZ BB U, B e R AR R A
GH5E SRIG RA YT kA S AR R AT
Wik o

4) RIREG NGEA O SLRGE5 50

AR SR S 58 T A5 % o R AR A O RN T 5O
DBBERGIMEETEXER (B 6).,

AP 6 ] A, AR I FLIE AR (A1 4R
FHOBBERER, @G A 0BERY)S
M A2 (X I RN

Mg Y=14.002 X'"** (1)
RIRE > Y=19.982 X' (2)

it A (DA 2) AT R R AR
RIS AR FR

R8 BEZRWR MMFIRENBEEFELEKENFEE(C=1 000 mg/L)
Table 8 Permeability limit, chemical flooding pressure gradient and subsequent water pressure gradient( C-=1 000 mg/L)

- AW RFE G B =T
VUL RN BiEK BiER
AR P Pl Ty P P P Pl
H % 107 (MPa-m™)  (MPa-m™) 10"t (MPa-m™)  (MPa-m™) 107 (MPa-m™) (MPa-m™)
15 140 3.7 2.2 180 34 1.9 160 6.9 4
1200x10* 30 105 4.1 2.6 130 3.7 2.1 120 7.6 4.6
45 80 4.6 2.9 100 4 24 90 8.5 5.4
15 200 3.7 2 220 3.1 1.8 210 6.3 4
1900x10* 30 140 4.1 2.3 160 34 2 150 7.1 4.4
45 95 4.3 2.6 120 3.7 2.2 100 7.8 4.7
15 230 33 1.9 240 2.8 1.7 235 5.9 3
2 500x10* 30 160 3.7 2.1 180 3.2 1.9 170 6.8 3.7
45 110 4.1 2.4 135 3.5 2.1 125 7.3 4.2

E A EIK A (426 ~5.87)%107, B TR G K S (4.74 ~ 6.85)x107,
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