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Imbibition behavior of surfactant in water-wet sandstone and
its effects on recovery efficiency

HAN Dong', PENG Yu-qiang'?, GUO Shang-ping'

(1. Research Institute of Petroleum Exploration and Development, PetroChina, Beijing 100083, China;
2. China Offshore Oilfield Services Company Limited, Beijing 101149, China)

Abstract: Spontaneous imbibition behavior of brine, nonionic surfactant solution, anionic surfactant solution, and cationic
surfactant solution and its effects on recovery efficiency were studied in water-wet Chinese outcrop sandstones. The imbibition
charateristics were compared in brine, surfactant solution, and sequence of brine and surfactant solution. The results show
that the ultimate imbibition recovery efficiency of brine is between 0. 32 wq,, and 0. 50 Wy, , Where w g refers to the origi-
nal oil-cut, and that of nonionic surfactants is between 0. 38 wqqp and 0. 50 wqgp , and that of anionic surfactants is between
0.44 woope and 0. 55 wyop , and that of cationic surfactants is between 0. 38 wq; and 0.44 wyop. The same type of nonionic
surfactant with a specific structure could reach the best imbibition results. The imbibition recovery efficiency of anionic sur-
factant is generally better than that of any other type surfactant. Moreover, if cores are first imbibed in brine and then in sur-
factant solution, the ultimate recovery efficiency will be improved by (0.02 -0.04)w,p-
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Fig.1 Schematic drawing of imbibition apparatus
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Fig.? Imbibition oil recovery curve of cores in brine
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Table 1 Imbibition results of cores in brine with and without SXNO series surfactant

KE  EHE RE TRBEE  RAKE  BR4R KRR RZRRK

Hi Vem  d/em /% ky/107 um® RES,/% Bl /min % Egy By BRERGEB

24 530 258 24.4 742 33.8 19 — 0.449 woge 1. 29%KCl +0. 3% SXNO-$

23 638 258 24.3 865 35.9 20 — 0.454 woop  1.2%KCl +0. 3% SXNO-9

25 602 257 239 3 38.3 16 — 0.500 wooe  1.2% KCl +0, 3% SXNO-10
212 508 254 231 644 36.3 38 — 0.453 woop 1. 2% KCl +0. 3% SXNO-12
2118 564 258 2.5 829 37.8 2 — 0.456 woo 1. 2% KCl +0. 3% SXNO-15
2-16  5.08 2.53 24.0 682 36.6 52 - 0.449 woop  1.2%KCl +0. 3% SXNO-21

26 498 257 229 553 32.9 80  0.329 woop - 1.2%KCl

49 530 2.57 229 646 39.6 50 0.347 woop - 1.2% KCl

1412 6.05 2.58 24.3 786 34.6 31 0.496 woop — 1.2%KCl

123 4.74 258 24.6 875 36.2 23 0.492 woop — 1. 2% KCl
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Table 2 Imbibition results of cores in brine with and without SXNA series surfactant
@ KE HE ABE ZINBERE O KAKE 2R KERE RERK
© I/cm d/em  o/%  ky/10 2um® HIES, /%  Btfs) ¢/ min # Eny H Egy BRUANRR

226 4.55 2.58 23.8 689 36.2 13 — 44,2 1. 2% KCl +0. 3% SXNA-7
223 575  2.55 24.0 879 30.9 17 - 41.2 1. 2% KCl +0. 3% SXNA-9
229 58 254 2.1 807 33.1 13 — 38.4  1.2%KCl +0.3%SXNA-IS
230 532 256 23.8 722 32.7 17 — 41.7  1.2%KCl +0. 3% SXNA-20
232 43 257 243 670 34.2 16 — 38.9  1.2%KCl +0. 3% SXNA-25
49 530 257 229 646 39.6 50 4.7 — 1.2%KCl

112 6.05 2.58 24.3 786 34.6 31 49.6 — 1.2%KCl

123 474 258  24.6 875 36.2 23 49.2 — 1.2%KCl

—— 2-4, SXNO-8
—=- 2-3, SXNO-9
—+— 2-5, SXNO-10
—— 2-12, SXNO-12
~— 2-18, SXNO-15
—+— 2-16, SXNO-21
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Fig.3 Imbibition oil recovery curve of cores in
SXNO series surfactant solution
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Fig.4 Imbibition oil recovery curve of cores in
SXNA series surfactant solution
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Table 3 Imbibition results of cores in brine with and without ionic surfactant

 KE  HE AME ZABEE RAAKER  pRER  AREKR | BERK
Gl I/cm d/em /% kg/10" um® FES./%  BiE ¢/min £ Egy X Egp BRANER
233 5.05 2.59 24.3 706 33.5 16 — 4.7 1.2%KCl +0. 3% SXAA
2-36 4.77 2.42 24.0 758 38.2 15 — 55.1 1.2%KCl +0. 3% SXAW
34 5.51 2.54 24.0 671 42.7 12 —_ 49.4 1. 2% KCl +0. 3% SXAN
2-34 6.37 2.55 24,1 803 35.6 13 —_ 47.9 1.2%KCl +0. 3% SXAN
3.2 5.22 2.56 24.0 552 37.2 18 — 44.9 1.2%KCl +0. 3% SXAW
311 5.95 2.56 24.4 695 35.8 19 — 37.9 1.2%KCl +0. 3% SXCD
3-12 5.88 2.56 24.0 673 40.0 23 — 42.5 1.2%KCl +0. 3% SXCT
3-13 5.09 2.56 24.2 674 39.4 22 —_ 44,2 1.2%KCl +0. 3% SXCC
26 4.98 2.57 22.9 553 32.9 80 32.9 et 1.2%KCl
49 5.30 2.57 22.9 646 39.6 50 34.7 —_ 1. 2% KCl
1-12 6. 05 2.58 24.3 786 34.6 3 49.6 — 1.2%KCl
123 4.74 2.58 24.6 875 36.2 23 49.2 -— 1. 2% KCl
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Fig.5 Imbibition oil recovery curve of cores in
ionic surfactant solution
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Table 4 Imbibition results contrast of cores in nonionic surfactant solution

O KE  HR RE ZBEE KK BRER EP R
D Jem  dom /% kg/107um?  RUES./% A v/min & By BRI
23 6.38 258 2.3 865 35.9 2 45.4 1.2%KCl +0. 3% SXNO9
223 575 2.5 24.0 879 30.9 17 4.2 1.29%KCl +0. 3% SXNA-9
210 501 257 242 ™ 32.9 25 48.8  1.2%KCl+0.3%SXNO-15
229 5.8 2.5 241 807 33.1 13 38.4  1.2%KCl +0.3%SXNA-15
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Table 5 Imbibition results contrast of cores in nonionic surfactant and anionic solution
=i KK HR  hm ZAEEE REKM BRER F KL .
IVem  d/em  @/%  ky/10%um®  FIES,./% B4{8) ¢/min # Egp

24 5.30 2.58 24.4 742 33.8 19 44.9 1.2%XKCl +0. 3% SXNO-8
23 6.38 2.58 24.3 865 35.9 20 45.4 1. 2% KCl +0. 3% SXNO-9
2-5 -6.02 2.57 23.9 773 38.3 16 50.0 1. 2% KCl +0. 3% SXNO-10
2-12 5.08 2.54 23.1 644 36.3 38 45.3 1. 2% KCl +0. 3% SXNO-12
2-18 5.64 2.58 24.5 829 37.8 22 45.6 1. 2% KCl +0. 3% SXNO-15
2-16 5.08 2.53 24.0 682 36.6 52 4.9 1. 2% KCI +0. 3% SXNO-21
226 4.55 2.58 23.8 689 36.2 13 44.2 1. 2% KCl +0. 3% SXNA-7
223 5.75 2.55 24.0 879 30.9 17 41.2 1.2%KCl +0. 3% SXNA9
2-29 5.89 2.54 4.1 807 33.1 13 38.4 1. 2% KCl +0. 3% SXNA-15
2-30 5.32 2.56 23.8 722 32.7 17 47.7 1. 2% KCl +0. 3% SXNA-20
232 4.34 2.57 24.3 670 34.2 16 38.9 1. 2% KCl +0. 3% SXNA-25
233 5.05 2.59 24.3 706 33.5 16 4.7 1.2%KCl +0. 3% SXAA
34 5.51 2.54 24.0 671 42.7 12 49.4 1. 2% KCl +0. 3% SXAN
2-36 4.77 2.42 24.0 758 38.2 15 55.1 1.2%KCl +0. 3% SXAW

2.5 EHAEBREREFEERERERLL
TR REE AR T kB RERE
BEHRBRE SRAEHE6(H6 RAMT
—HR, R A HMZ SHEL) . BERER
#6

RILAESG BB B, KER R 10 min B H;
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0.52) woopo
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Table 6 Imbibition results contrast of cores in sequence of brine and surfactant solution

i KB B BE ZRBEE RAUKEM KEREE FRER  BBRX R BRI
Vem  d/em  o/% ky/10um® EES./% Egu W By  BEE, REEEREA
1412 605 258 24.3 786 34.6 49.6 2.4 52,0 1. 2% KCI +0. 3% SXNO-8
119 555 256 23.9 736 35.5 41.7 2.5 50.2 1.2%KCl +0. 3% SXNO-9
123 474  2.58  24.6 875 36.2 49.2 2.6 5.8 1.29%KCl +0.3%SXNO-10
26 498 257 229 553 2.9 32.9 3.0 35.9  1.2%KCI +0. 3% SXNO-12
2411 477 257 4.2 735 35.5 39.7 2.9 42.6  1.2%KCl+0.3%SXNO-15
2413 4.63  2.54 247 835 34.5 43.4 2.9 46.3  1.29%KCl +0.3% SXNO-21
220 545 257 23.9 739 34.8 41.5 2.3 49.8 1.2%KCl +0. 3% SXNA-7
231 540 257 24.3 862 34.8 46.4 2.5 48.9  1.2%KCl+0.3%SXNA-20
227 641 259 23.6 555 34.3 31.7 3.8 35.6 1. 2% KCI +0. 3% SXAW
46 561 257 23.2 621 39.4 41.5 3.7 45.1 1.2%KCl +0. 3% SXAN
49 530 257 229 646 39.6 34.2 3.9 38.2 1.2% KCl +0. 3% SXCC
0.60%0gorp ey R ), B 5 R R UWCE R (0. 024 ~ 0. 030) woop, AT
0.50 N .
040"“’“' = W, 7EE KBRS , SXNO KM 1 M2 & R ik
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Fig.6 Imbibition oil recovery curve of cores in
sequence of brine and surfactant solution
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