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Analysis of imbibition mechanism and influencing factors of
surfactant displacement in shale oil reservoirs

WANG Biao, LI Taiwei, YU Jianye, DAI Zhipeng,ZHU Jie
(Petroleum Engineering Technology Research Institute of SINOPEC Jiangsu Qilfield Company ,
Yangzhou City, Jiangsu Province, 225009, China)

Abstract: Cores from shale reservoirs in Subei Oilfield were taken as sample to study the effects of surfactants on the oil displace-
ment efficiency and the main controlling factors of imbibition in shale reservoirs. The TOC analysis and scanning microscope tech-
nique (SEM) were used to characterize the pore structure of the core samples. Imbibition experiments under the influence of mul-
tiple factors were conducted using nuclear magnetic resonance (NMR ) technology. Then the effects of factors were evaluated such
as wettability, fractures, porosities, permeability, surfactant concentrations, and types on the imbibition efficiency of shale oil res-
ervoirs, and the distribution characteristics and producing conditions of the oil in different pores were clarified during the imbibition
process. The results showed that shale imbibition could be divided into three stages: early stage, middle stage, and late stage. The
imbibition rate was high in the early stage, and the imbibition efficiency increased rapidly. The middle stage accounted for the lon-
gest period, and the imbibition rate slowed down in the late stage, with the imbibition efficiency tending to be stable. By comparing
the effects of different factors on imbibition, it was found that a wetter core indicated more fractures and higher imbibition rate and
efficiency. Moreover, a higher porosity and lower permeability led to higher imbibition efficiency. The imbibition efficiency showed
an increasing trend with the concentration of surfactants decreasing. The NMR experimental results demonstrated that in the process
of shale imbibition, the produced oil of micro-pores was more than that of macro-pores, and changing the imbibition conditions
could improve the producing percentage of oil in various pores.
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Tablel Fundamental physical properties of samples
from shale reservoir

gg Kif/om $ifffem  Fihbe  BEZmD  FLBREE%

1 4.01 2.51 54.4710  0.000 381 4 2.176
2 1.846 2.49 24.2974  0.000 381 4 2.176
3 3.45 2.50 45.0388  0.0539711 1.190
4 3.53 2.53 479617  0.003 099 1 0.140
5 3.34 2.51 43.7089  0.003 698 5 0.980
6 3.70 2.50 48.3479  0.003 698 5 0.980
7 2.56 2.51 342916 0.0187458 0.564
8 2.54 2.53 31.8718 0.0187458 0.564
9 7.40 2.53 96.5243  0.014 5213 0.840
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Table2 TOC of samples from shale reservoir

AR JE%/m TOC/%
1 35873 0.803
3 3 687.0 0.596
5 3662.6 0.922
7 3460.0 1.129
9 22129 0.804
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Table3 Contact angles of surfactants at different
concentrations with sample No. 1

NG GOEES LV N

KA R

TR 0.10% 0.15% 0.20% 0.25% 0.30%
18 4447 4592 3922 3796 3433
1% 3676 4474 4176 3571 32.84
s 4793 4478 4392 27.02 57.73
V& 3692 4339 3843 2661 43.00
Ve 4474 4052 4636 41.82 44.46
VI 49.06 4176 43.02 33.57 28.82
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Fig.2 Variation of contact angles of different surfactants with time
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Table4 Experimental design
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s FIZEE EEU% kS
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9 % 0.20 0.014 52 0.84
2 V5 0.25 0.000 38 2.176
4 15 0.25 0.000 38 2.176
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5 15 0.25 0.003 7 0.98 LB
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Fig.3 Variation of 7, spectra of samples with different wettability
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Fig.4 Relationship between imbibition efficiency and time of samples with different wettability
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Table5 Final imbibition efficiency of samples with different
wetting angles

AR RIS ER RG] A/ B
G5 HeAl J i 0% L ERD
1 VI= 0.25 54.55 11.87
2 IR=2 0.25 40.30 11.20
9 15 0.20 39.22 22.92
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Fig.5 Producing percentage of oil in pores of samples with
different wettability
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Table6 Final imbibition efficiency of samples with different

porosity
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Table7 Final imbibition efficiency of samples with different

permeability
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7 VI 0.25 0.899 5 33.57 16.70
8 1% 0.20 0.453 7 39.22 14.17
9 VI5 0.30 0.669 5 28.82 22.92
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