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Dynamic imbibition principles and mechanism of tight oil reservoirs
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Abstract: Efficient development of tight oil reservoirs is an important task in the petroleum field. Spontaneous imbibition is
an important mechanism for tight oil development, which is receiving increasing attention. Natural cores and artificial cores
of the tight sandstone reservoirs in Xinjiang Oilfield were selected. Experiments with improved dynamic imbibition device
were carried out to study the influence of permeability , temperature, pressure, core length and fracture density on the dy-
namic imbibition recovery. In addition, a new dimensionless normalized model of the imbibition recovery was proposed
through normalization on the experimental parameters. The new model has a better fitting to the dynamic experimental data
than the widely used Ma model. The results show that core permeability has a positive or negative correlation with the dy-
namic imbibition recovery within a certain permeability level ; a higher temperature and a shorter core corresponds to a high-
er imbibition recovery under the same other conditions ; higher fluid pressure is more favorable to the dynamic imbibition at
the optimal pressure range of 5~7 MPa in the experimental study ; increment of the imbibition recovery is linearly related to
the fracture density.
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Fig.1 Diagram of volumetric dynamic imbibition device
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Tablel Basic parameters of tight sandstone cores

HOHs  KE(em)  EAE(em)  FLBEE(%)  2iE%(mD)
R4-1 5.31 2.5 5.78 0.031
R4-2 5.53 2.5 10.30 0.053
R4-3 5.37 2.5 12.73 0.059
R4-4 4.98 2.5 10.98 0.474
R4-5 4.97 2.5 10.77 0.363
R4-6 5.66 2.5 9.86 0.278
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Fig.2  Dynamic imbibition recovery of tight artificial
cores with different permeability
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imbibition recovery
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Table2 Basic core data of experiment to analyze
temperature effect

HOHT O KIE(em)  EHfR(em) fLEE (%) BER(mD)
2-3 4.58 2.5 11.68 0.236
2-4 4.77 2.5 11.49 0.278
2-5 4.75 2.5 10.77 0.217
3-6 5.55 2.5 10.53 0.136
3-7 5.67 2.5 10.99 0.185
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Fig.4 Dynamic imbibition recovery degree at different
temperatures for two groups
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Table3 Basic core data of experiment to analyze
core length effect
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Fig.5 Comparison of dynamic imbibition recovery at different core length ratio
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Fig.6  Relationship between dynamic imbibition

recovery and core length
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Table4 Basic core data of experiment to
analyze pressure effect

Aogs  KE(em) HfE(em) FLEE(%) BiER(mD)
1-3 6.94 2.5 16.20 0.378
1-4 5.77 2.5 6.69 0.107
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Fig.7 Relationship between dynamic imbibition
recovery and pressure
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Fig.8 Permeability changes with effective pressure

25 HEFEWNHEZEHEHTSRHZN

R AU REGE W R0, R ] XB-Q BUAR
AVIRIBL FE RS T o0 EUTRITERE SN 1 mm
2k WU TR TR, DR UES O R IA M,
P 4R SF A2 emx2 emX5 em )50, 4 A BN
JCHE FREE LAE N USE | G I Y L 5% 25 5 510 Ry

0,0.2,0.4 F10.8 &/cm, AT W S2E N [, 0 3
BRI 5 Fis .
x5 HETERINEEEOEMEE

Table5 Basic core data of experiment to analyze
fracture density effect

i Kz EER g ] FLER B
Pz (em) 1K (em) B (%) #(mD)
F1-4 5.00 2 6.73 0.89
F1-5 5.01 2 6.63 0.76
F1-6 4.97 2 6.31 0.96
F1-7 5.05 2 6.97 0.93
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Fig.9 Effect of fracture density on dynamic imbibition
recovery of tight reservoirs
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Fig.10 Dimensionless results of dynamic imbibition
experiment estimated with Ma model
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