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X2 TG PE 77 GEY-2 AR B 12 0 35 4771 6501
HEATE I, ORI T —Fhid SRS & i Y R L A 2
B AR TEE R SRR R = NI TR R 0T TR
PERE TR PR PO B BB AN SRR | I e
Hh IS X7 0647 17 1 L Ry e Sk B
TE & JE R R MR B AR SR M — 2 4

1 Sy

1.1 RS EE

B - X2 1 5 PR GEY-2 (43 T4 =X WL &
D), AR 75% , LR L BB B 3R i v
P HE i 17 15 50 4 I Bk TR N AES | - IR il
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T TR (B mg/L) : Na™+K* 9 238 Ca**
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(AR A R0 AR 2 RN A% 2 SR, SR )5 TE )2
HE(75 C)F&fk24 h, % H; (3) L4 0.5 mL/min )
URR A T 7K IR , L2 50 S TR Y 57K
IR 98% , THE K IR R UL 5 (4) L) 0.5 mL/min
A IR BRI A 0.5 PV 5 FL AL B A 26 18 16 1 77
ORI 2R, SR I RS K 9K 2 20 11 SRt TR ) 7
IKERIRF) 98% A5 1S90 o TR R AR ICRFIE A
5 LA A T I P R R T R 2R S SR ISR B 2
(B, I e S SE g0 A Bt b oA [R] B B ) 3K ) R
TS KR FRICRE

2 ER5HS

2.1 EIMESREEMEFIKMHERETHE
2.1.1 F—R@EERA G @ ER

AN TR] Jo e £18 25 1 95 1 R A R T =2 1]
(R ST gk 7 LI 2. P 2 m] A Rt 3 I P 7R
R A AN DR, AN [ S 20 3 i 7 AR T
2 I 2 [ Y S T g 4% 5 B e A 2
i TR E B R F . b - AR U 2R T A R
GEY-2 (19 5 1 {5 1 W Sk O A AN [R) 2R ) 2 1 7

10'
—o—GEY-2 ——AES —a—AOS

_ —8-ABS  ——6501 —A—AEO
= 10°
z
E
~ -1k
=10
A
=R
g 107

10—3 1 L L L

0 1000 2000 3000 4000 5000

Jri e EE/(mg- L)
B2 AR RE B T A S ) ) Sk

http://ythx.scu.edu.cn

PEF, 24 GEY-2 i %l 2000 mg/L i, 17K L i
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Tl AEESKHERYFmEEGE
6501 A GEY-2 it (mg- L) & A 1A R 1 S5k S/

i/ (mN-m™)

(mg-L™) 1000 1500 2000 2500
1000 0.035 0.016 0.0058 0.0051
2000 0.032 0.014 0.0039 0.0035
3000 0.019 0.015 0.0026 0.0031
4000 0.013 0.0098 0.0024 0.0019
5000 0.035 0.022 0.0038 0.0087

128 1 RIAT, 24 B -3 BT S 477 GEY-2 (1)
J R B /NT 2000 mg/L ), Bl A1 & 6501
Tt AN AR Ak, B R R 5 T T =2 1] 8 AT 5K )
(B LA K AL FE 107 mN/m B8 240306 BBl A, JC vk k3
10”° mN/m A BB %, 17 24 B - X2 1 0
I GEY-2 [ Jit 2 ¥ B 55 T 2000 mg/L B, 2 A K R
16501 JIHEAE 1000~ 5000 mg/L 2 a4 1] LU 9Ky
A 2 55 I 2 18] ) B i 5k I (E IR F] 107 mN/m A%
g

fi] 5 [ - R~ 0 35 1 71 GEY-2 Ml 4 2000
mg/L, P58 T R IR 6501 Nt 192 SR R mFL L
PERE, 45 R UL 4. P4 a] 0, BEE S A] 1 SE
o, AN R B2 A BRI AR 3R 1 FL AL K SR8 50 T AT s A
[] — S GG IS ) T, Bl 25 72 1 157 6501 i &
ARS8 K, LAk K S5 5 B SR T s A 3, 24
HA R ZE T 6501 Jiniz ik £ 3000 mg/L i), FLAR W AE
75 °CF & 10 min 1 100 min J5 FFL ALK FAT3fE
IKF90.2%F1 61.2% , FLIR I U Fe e M Aeom , FLALPE
e BLUT, TRARSR R K 6501 fin e AL Ak K =gk LR i T
IR K. I, 256 % 188 G IR R FLALTEqE
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80
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—— 1000 mg/L
[—&—2000 mg/L
—&—3000 mg/L
20 F—®—4000 mg/L
—¥—5000 mg/L
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Hf 6] /min

K4 6501 it i Aok A R LA PERERISE R

LA S 3R PRI E B 3R A T 457 6501 1Y
et 4 3000 mg/L.

ZRA PRSI SS IR e E LI 2 A R
TR IR A R BT 7 R £ 2000 mg/L -3 XT3
TG GEY-2+3000 mg/L AE & 116 17 6501
22 BANEEREEEFIKME RAEZEE R
22.1 @R

FEARRNRE T, Bt v B2 A 2000 mg/L (1 F1-JE
XL 11T 14 75 GEY-2 59 -5 5 3k ] 1) 55t T 5
TLIEL 5, JoE e 5 ok 3000 mg/L 4 B 13 1 3 P 771
6501 IR AECE A R B ] J5 i ZLAE K R L% 2. il
& 5 FNZE 2 A0, 45 30~90 “C I Bl P, S 15 3 bk
151, BRI 14 77 GEY-2 V45 ¥ -5 i [ )
Tt T RANR , SR T PR A, T R B 2R T 1 7
6501 17 ¥ 11 FL Ak 7K 23 0] it 25 i 255 7y - vy T 38 i o
% (B4R BE A F] 90 CHY, 100 min Ji 9 FL ALK %
B REIL 3 30% LA I o 156 B BH -5 X0 2% 1 3 P 5
GEY-2 B 2 i 75 PE 57 6501 34 HAT K4 (4 i
HERE .

0.008
<4
_‘_8 0.006 |
Z
E
= 0.004 } |
¥
=
) 0.002 |
0 1 1 1
30 45 60 75 90
TR/ C
E 5 ARRUREE T GEY-2 9 -5 i o] i S iri sk
K2 AEEEET6501 B HEIZLILEEE
AR EHE] (min) R FLAK R/ %
R/ C
10 100 200 300
30 95.6 81.2 52.3 41.3
45 91.2 78.3 458 34.1
60 88.7 67.5 30.6 23.5
75 85.3 424 18.7 10.7
90 71.9 30.1 12.8 6.2
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7% 3 i LA A R DI PR R 9K A R T i
RESCIRZE R . T LUE Y, B IR AW TR, 3
LA A 3 T 90 3K 3 R 2R 5 R =2 ) A A T
K BB BN FLAACR B W AR 5350 FEAH
[ ()R B 2 B B R0 ) S, LAk 7K 23R 35 i
Ao 4R R 90 CHT, Jh /K Ftifisk 714 0.0022
mN/m, 300 min B FIFLAL K A5 fEA 5] 20% L4 L, 15
AH iR L Ak 52 3 i T35 2 00 9K R 2R B A LG (4 T
TP RE , 7R R TR 25 A T AR A R A i A
TR RE . 3R i I - AR U R T P 7
GEY-2 FlE 25+ 1 i 17 6501 ¥ 5HAT R &7 (4Tt
TEERE , I EL Y D ARV e Rk, RE SRR AR
= TR R R AT AR

#3 RIS AREEMEFIEH G ROTHRIEAE
R IR ] (min) T BGFLALA /%

SEHEC fﬁ'i’iﬁ;
10 100 200 300
30 0.0108 98.4 83.6 61.3 50.2
45 0.0097 93.5 80.1 60.1 47.6
60 0.0064 91.6 70.5 53.6 40.1
75 0.0041 90.2 61.2 40.3 31.5
90 0.0022 75.4 50.3 335 20.6

T AR, R TR R 43 2 i A RGE Bl AR
R B A TE T K ST L Y 2R T PR R o A DA
T B 7 4 G R — 2 i {0 22 i) T
R T KA v, DT — 2 R 98 1 3R 1A
EPERI S IE M. 340, TR R s 2 fiiEl
ARV 2 160 P Al A3 00 25 16 o, 38 R 1 VR 1 3R R
A ZUIRIE A M 55 , I LR R = v K EL
RVBL B S TS5 2 B0 AT T B T R TR
AR Ty i o 9 FL A SR G 3 T 0 P 700 90Kl 44 5
rR AR B R IR 6501 HAA Rk LAk RE
5 T mIE B L AR VR R B2 5 v, AR PR, B
SRILTS A B 45 oy 32 FE W s i g AR Ak, {H B - EXF
FIAE PR GEY-2 B9 I A BB 8 A7 R0 = &R 45 BRIl
TR R MFRE T, 3T B R mE £ 7 6501
IFLAGRE T, (7K FLAR AR 38 e T B 2% A4 T AR
PR¥F RAFARR e M
222 AR

fs FAS TR) R B ) NaCL W e il i s 2L 2 A
EQIRE e LT K NS YR S TR T AR I EE R
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PERELZE 4. 3 401, B NaClyk B 1) AS Wik
K, s FLAR ST A 2 G PR DR 7R & 10 A ik
JrtEs, FLA KA TR . 24 NaCl BT i ik Bk 5]
100 g/L I}, B a5k S35 BEA E 107 mN/m () HE IR 4L
YL, 11300 min B Y FLAE K R AT LLA 2] 15.7%,
Ui ISR AL B A R s P IR R R B R
it £5 1 8 , 76 = 0 A B RS T A RE R4 R4 A AT
IEYERIFLLRE ST o T K i & ok, 3R
T P4 70 2 - S A 2 [ % R 0855, B AE K
VSR s A B A T T B, 0 43 3R THI TS PR R o
PV G RE TR NN T AR EPII N B R =R
THT 37 1 751 0K e A 2R 19 B - R 2 1T T 44 77 GEY-2
o3 TR RIBS & A 24 K BE FE K EE , BEIS IR EE R
U SR 7K AN S 78 R TR B R VA W TR R AR
HEA R Arry i £6 4 68 5 IF H Ak 25 2 10 1 7 )
6501 7EAKIER A S L T e, KRR
Hprhtae.

F4 BIUESREFEFIRBE R ET I RE

NaCljJﬂ%/ FUTR S/ Z:IEJ[M‘IE(min)TE(J?L'f'tﬂ(}%{/%

(g-L) (mN-m™) 100 200 300
20 00048 918 65.9 50.4 419
40 00051 912 65.3 484 405
60 00067  90.6 64.1 4638 35.3
80 00072 887 60.9 4138 239
100 00098 804 53.5 309 15.7

223 BB

5if L Pk 5 A 3 T P ) 3R e A R 2 22 U A
Ji , 5 L ] ) A sk LA RE WL S, RS
AL, B W B AR W R s FLAL A
T P R 3R g A 2R 5 D =2 ) ) B T 5K T (3% T 4
K, FUAL A ERZR IR ATG 5 1H 24 W% BFF VR B8k 31 5 Uk
K B 7K S5 RE IS 2 10° mN/m A AR B 2%,
10 min FL Ak K A7 AT 3% 80% LA |, 100 min FL 4k 7K
RAAT IR 50% LA I, i B % i FL AL & 4 3% 10
FIBR A R EA RAFPTR M ERE. HR A AT
Py B A 2R ) 2% T I R o3 T B R AN
FE I 0 FH 3 R v B A8 A 50T 24 3R T R A ol
i, XEZRERTHWBEES a0 YR
5 T HL 7, 17 B - B O 1 PE R GEY-2 AHE 25
T RIETEHR 6501 I AL B 1 BHES 7, SR E
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x5 BIEMUEAREE IR R A HTIR 1% AE

o ﬁn%gij?)/ ‘?thﬂ(’%{/% ‘
10 min 100 min
0 0.0041 90.2 61.2
1 0.0049 89.1 59.3
2 0.0056 87.5 58.1
3 0.0071 85.1 56.2
4 0.0082 82.9 53.7
5 0.0095 80.6 51.8

R 5 A AR M E S s, S 3O
RN
224 IKibMEAE

ANFB 3 25O TSR ROR W3 6, 3% 03K
i A SRR KR DL B T B A AR f
KRAMLILIE 6. 6, MiE LR A OBIBR
(A3 R, 7K BRI T4 T i L T A 0.5 PV 15
FLAL S A 2 T T 1 AR BRI AR R i SR AR B R
S IS = e RN S E N PN $iit )
1.65%10°~53.24x10" um? i}, V£ & A 22 6 1475 3K
AR FR+J5 Sk BRI SRR 483 15% LA | 3K
BT T 25 0B 3585 102.45%10°° pm* i,
5 G R TS R SR A R+ 5 S K SR B R i e 1
A 9.24% , IMACR R 22 . XU FLALAE A R
T PR R BT A4 FR XK B 2 O B i R R I RIUCR
BT A R B a8 O B R R R A RO 22
FHXT T B A R T B E A2 D O AE Y
PR SR, K BRI BT RO E 2 T S B iR
T 7 E AR, AL T 5 A o e AR X, L
6524 R MG PER SRR R IEA KB E#H)ZE, 2
3 5 ) LA AR 5 v B R LB v i S vt 2
A FUIRE , LR A — 5 R TR, 2 X5
G FL IR S 7 A B AR A S B2 e 1), B
I35 it J2 B RO e B A0, 1 T R T 2 3 D vl R
WOR . 0B R I, LB R ST WU AR X A
Sy 35— SO A S8 I P A X A2 55, 7K BRI L g 7R
B A 0 o bR R B OF HO T B A
JEALBR R ST 3R, v Ak 52 G 3 115 2 790 B v 44
F 5 JF MY B FLOR M TV 7 A A S B B AE
FH VR SCR R BRAR, PR , 8 v 3 SR IR 1R 3%

®o SRIMEAREIEMERIREE RAIKHER

o R Y%

wb RE AR i BB RREPN
A5 em em e, (1070mY) kaE gRuhAR+  RA

JESKIK

1# 7.1 25 618 .65  38.61 15.87 54.48

2 69 25 603 572 4035 17.32 57.67

3# 74 25 597 1138 41.67 20.97 62.64

4t 7.2 25 624 5324 43.15 16.31 59.46

5470 25 643 10245 4538 9.24 54.62
100 2 3.5
80 139
I JREIKER ],
xR \
P 60 20 £
= 15 42;
E 401 : - 1
e PSR I -
I%TH: — Gkx 110
201 Gl
R | pil 0.5
0' 1 1 I 1 1 1 0
0 05 10 15 20 25 30 35
HEAR/PV
6 RUHR KRR T Bl A =
BAR AR (3#E )

1 &6 T, 30 (BB 0 11.38% 107 pm?)
IKIREE T, SRR A K R IR ) FAS T
R A T A 0.5 PV 3R FL A6 5 G 3R T TG 77 3K
MR R G, 00 E SR R 0% 75 K S ] B AIR
IR R 7 R R MR S I . X JE B ToRFLAk
02 6 3R THD I P 700 90K T AR R AN AN 34 ELAT 30 1) B T
T VRO BT A ARl I R A LA, X
K BIR J5 % B8 A LB 0 ST kS 1) R IR s R Y
B T U FLAR G BE A X7 O FLBR v A K 1 FL
TE P A B A R R R T, (5 3R R
BT RUBCRAETH B JREKIKS R, A
O RICR AR S 2 T B B R 0E , 9K R A r b
%, &K 2 3 5 B W TR, e &R T ik
62.64% , 1 AR FL A A R TG MR 9K R R RS
S K IR = R MCR I B A 51 20.97% , 1 5 T R AFY
IKIMACR

2.3 BN HHRCR

H i s T MR 102 35 T e, 6 )2 B P 1 1L
BRBE A 13.18% , P38 B %K 16.29%107° pm’, %2
R ik 75 CAA AEZ B EAE 3 mPa-s
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LA, X Bt )2 B 45T 2 =2 (0] 9 3% a4 0, 7
THTATRCR 3.79 koo, AT R S IR S 41610 to
HAr X ey A K28 O R 152 0, 15
K HITE KRN T2 e 1 0 A TR R, Bl 1K
FE RIS ] A HE A, DX B N KB A SR I 34t 9 T
TR BT Gl T RSN, LGRS SOKERD
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Study and Application of Strong Emulsion Composite Surfactant Flooding System
YI Fan', CHEN Long’, SHI Tao’, YAO Huimin
(1. Oilfield Development Divison, Changging Oilfield Branch Company, PetroChina, Xi’ an, Shaanxi 710018, P R of China; 2. No.8 il Production
Plant, Changqing Oilfield Branch Company , PetroChina, xi’an, Shaanxi 710018, P R of China)

Abstract: The emulsifying ability of surfactant has a great impact on improving the oil displacement effect after water flooding
development of low-permeability reservoir. In order to enhance the emulsifying performance of surfactant oil displacement system
and improve oil displacement efficiency, anion non Gemini surfactant GEY-2 with good interfacial activity and non-ionic surfactant
6501 with strong emulsifying ability were combined, a strong emulsion composite surfactant flooding system suitable for low
permeability reservoir was developed, and its comprehensive performance was evaluated. The results showed that the strong
emulsifying composite surfactant oil displacement system had good temperature resistance and salt resistance. Under the conditions
of high temperature and high salinity, the oil displacement system composed of 2000 mg/L GEY-2 and 3000 mg/L 6501 could still
maintain urtralow oil-water interfacial tension, being of 10~ mN/m. The emulsified water rate of the elusions, which was formed
through combing the composite surfactant oil displacement system with the crude oil in volume ratio of 7:3, was 90.2% and 61.2%
after placed at the temperature of75 “C for 10 min and 100 min, respectively, which indicating the system had strong emulsifying
property. The system had good anti-adsorption performance, which could reduce the waste of oil displacement agent and effectively
ensure the oil displacement effect. The composite surfactant flooding system had a good oil displacement effect on low-permeability
cores. When the core permeability was 11.38x 10 um’, the oil recovery could be enhenced by more than 20% by injecting 0.5 PV
strong emulsion composite surfactant flooding system after water flooding. The field application results showed that after the
implementation of strong emulsion composite surfactant displacement measures in the low permeability block of H oilfield, the
injection well pressure increased, the daily oil production of corresponding oil wells increased from 2.20 t to 5.41 t, and the average
water cut decreased from 89.2% to 71.5%, which achieved a good oil increase effect.

Keywords: low permeability reservoir; composite surfactant; strong emulsifying property; interfacial activity; oil displacement effect
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