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Abstract: The chemical combination flooding is one of the key techniques for enhanced heavy oil recovery. More impor-
tance is attached to the emulsification and viscosity reduction mechanism during the development of such combination sys-
tems, and some efficient emulsification systems are formed. The “oil recovery increment” caused by strong emulsification,
however, is still unclear, which results in difficulties in determining the actual contributions of emulsification to oil dis-
placement.In this study, three combination systems with significantly different properties were collected , namely, the ultra—
low interfacial tension system (#1) , the strong emulsification system (#2) , and the system with both ultra-low interfacial
tension and strong emulsification (also called dual—effect system) (#3). The comparative studies of interfacial tension,
emulsification performance, and oil displacement at different water—oil viscosity ratios were carried out. The results reveal
that the second and third systems (#2 and #3)are more capable of stabilizing heavy oil emulsions than the ultra—low interfa-
cial tension system (#1) , and the contributions of emulsification to the combination flooding in heavy oil reservoirs varies
with the water—oil viscosity ratios. When the water—oil viscosity ratio is less than 0.200, the oil recovery of the dual-effect

system (#3 )is 3.6%—6.7% higher than that of the ultra—low interfacial tension system (#1) ,which indicates that emulsifica-
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tion can enhance the oil displacement capacity of the system. When the ratio is equal to or greater than 0.200, however, the

oil displacement effect of the three systems is similar, and the impact of emulsification is significantly reduced or can even

be ignored. The foam combination flooding could significantly raise the oil recovery increment in comparison with the bina-

ry combination flooding, and more importantly, it can reduce the water—oil viscosity ratio limits required by combination

system emulsification performance for heavy oil displacement from 0.200 to 0.150. It can be seen that the performance of

combination systems of combination flooding in heavy oil reservoirs should be determined according to the difference in wa-

ter—oil viscosity ratios.
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Tablel Compositions and basic properties of three
combination systems
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Fig.1 Interfacial tension between three combination
systems and heavy oil
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Fig.2 Water segregation rates of heavy oil emulsions formed
by three combination systems separately
at different times
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Fig.3  Morphology of heavy oil emulsions formed by three
combination systems separately at different times
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Fig.4 Oil recoveries of three combination systems at
different water—oil viscosity ratios

TEIK IR RN B A AR | 7K 3K 5] 98% I,
I3 EEE 0.3 PV ARFMEREM E A IR Rt — L5
R, KA BE R 0.045 B, 3 R A2 A 1A R 0K
R Y R i R R A B R 21.2%, 24.5%
27.9%. 2#FLILE A 1R R IR AE J1 B 14 A T ok
FI AR R WIS B 380U AR R B A o
(BRIMAE ), R RS AR R o HE— 253 KK
JE L 2 0.460, 3 F 52 G 1R 22 BB B Tl A9 R ISR 1
431K 33.6% ,33.8% F134.5% , 3 Fh 5 A5 1A 2 BIE I 4%
SAHIE A5 50 1 (IR S TH 5K ) 2 G R &R B Rg i 2 9K
MR, CH e 243 B A IR R 380U E &
ER . XF 2 AN KM FE EE T B B0 25 F Ak, K
THRTEE LE R 0.045 B, B G IR R EEERIRE A
LA RE (0 1 5 B8 4% 4 B AR TR 286 , o o LAk T
9 ) SRR I B, U LA R REAR X B 4 A
2L AR FR R 380U G R R HA A R R
AR 5 00 247K I 2 B L3 K 2 0.460 1, AR R
TR 1o i i, e R e X A ZR AL AR M e A
SRS o P, AT LAHEIRT , >4 7K 30 &5 EE LM 0.045 3
KE 0.460 B, FFFE— 7K IR BE L FEBR - /N Tz
FRLAS, 7L AL RE 02 35 3 9 52 & A 2R A BRI 255 5 i
K% T B s 2L A X 06 i ) 5% ] 8 2 ek /N, B & ]
DLW, T s A FLAL A S I S ik B
G R BRI 2 IR R . IR IE R, R A
Wi AR A RRAE, &b 78 T 7K 3 L4351 0,010,
0.100 1 0.200 2514 T B4 906 9 S 56, A5 760 S 550 SR M
REEFU BN 2 FE 5 FR o
Hy ¢ 2 FIEL S BT L, Bt 25 /K T 6 5 b3 R, 3
S R ZR TR SR SR i X e R T i 3 s
%o WORICHERYIE 3R AR R IR IR 25 Rl
RN FELE— A K R BE LE SR 5 0.200: D2 7K
TG /N FiZ AR, 4 0.010,0.045 F10.100 i), 14
G S 1 K 7 52 AU R IR R SR B R 4 0
15.9%,21.2% F126.0%; 24 FL AL 52 A 1K & R W14
& 17.1%, 24.5% F1 27.3%, ¥ 1# % 1.2%),
3.3% F11.3% , FLACKE G R RAUIEAR T-1% Ge e AR A
TR I AR FR SRR A A Z SRR I R 530 Ry
20.6% ,27.9% F129.6% , 3 145 4.7% ,6.7% 1 3.6%
FE B A L1 o g Bl 1R R AL PERE AR S W]
R R IR ACR o PRE, FEZOKIR B LT, AL
XFHE A2 A R EL A B ) Bk . @2 KT A
Fo R T2 T2 A B, 24 0.200 F10.460 I}, 3 Fli A A4k
Z 0K 31 SR U R B i 43 50 29.7% , 30.0% , 31.7% Fil
33.6%,33.8%,34.5%, 3 Fh & A5 1K R BRI RCRAH 2248



-150- moR M R

5 R If = 20234F 1 A

R2 EAHFERBEISHRRUERER
Table2 Parameters of models for combination flooding and
corresponding oil recoveries

kil KR BER LB A HHCE/%
HELL &5 mD BE1%  FE 1% KK AR R

1# 1100 27.9 853 458 15.9 61.7
0.010 2# 1 600 28.6 833 414 17.1 59.1
3# 1 400 29.3 72.1 46.8 20.6 67.4
1# 1100 21.8 75.0 42.1 21.2 63.3
0.045 2# 1 400 25.2 784 424 24.5 66.9
3# 1200 27.9 829 423 27.9 70.3
1# 1100 30.6 80.8 433 26.0 69.3
0.100 2# 1 400 27.9 78.0 438 27.3 71.1
3# 1400 27.9 804 452 29.6 74.8
1# 1 400 29.9 79.5 415 29.7 71.2
0.200 2# 1 400 29.9 79.1 429 30.0 72.9
3# 1200 32.6 77.0 412 31.7 72.9
1# 1200 29.9 70.5 432 33.6 76.8
0.460 2# 1100 30.6 71.1 464 33.8 80.2
3# 1 100 28.5 73.8 445 34.5 79.0
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Fig.5 Oil recovery increments of three combination systems
at different water—oil viscosity ratios
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Table3  Parameters of models for foam combination flooding
and corresponding oil recoveries

kil kR BESR LB A RAH/%
HELL w5 mD FE 1% FEE % JKIRK MR UK EL

1# 1200 293 814 469 25.6 72.5
0.010 2# 1400 299 80.0 46.1 21.6 67.7
3# 1300 306 822 47.6 34.8 82.4
1# 1100 326 75 432 31.6 74.8
0.045 24 1400 265 795 439 27.2 71.1
3# 1400 306 80 44.8 40.0 84.8
1# 1100 306 833 45.6 37.8 83.4
0.100 24 1400 332 81.8 429 32.6 75.5
3# 1200 292 812 448 40.7 84.5
1# 1200 299 81.8 46.1 38.3 84.4
0.150 2# 1400 258 794 478 38.2 86.0
3# 1300 292 86.0 47.6 40.7 86.3
1# 1200 338 78.6 43.1 39.4 82.5
0.460 2# 1400 306 80.0 422 39.2 81.4

3# 1100 306 733 413 41.0 82.3
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Fig.6  Oil recovery increments of three foam combination
systems at different water—oil viscosity ratios
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