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On-ine microscopic imaging investigation
on oil charging characteristics in tight reservoirs
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Abstract: The reservoir space of tight reservoir with low-permeability is controlled by micro and nano scale
pores making the influence of capillary force significantly enhanced. Therefore understanding the microscopic
charging characteristics of oil and gas is the basis for analyzing the migration and accumulation of reservoirs. In
this paper the self-developed on-ine three-dimensional microscopic imaging system for core fluid displacement
is used to observe the oil charging process of two tight reservoir samples and core-evel and poredevel quantita—
tive analysis methods for oil content characteristics are proposed. Taking the ondine nuclear magnetic resonance
testing with the same process of displacement as a contrast it is revealed that the average difference of on-ine
2D DR ( Digital Radiography) images at different times can be used to evaluate the overall oil content change of
the sample. The calculation method of pore level fluid saturation based on high-precision pore network extraction
algorithm realizes the quantitative evaluation of oil charging degree of the CT resolved pores and pore throats. The
combination of multidevel data and different methods can meet the different needs of different researches on

dynamic feature capture pore resolution and imaging field of vision. The analysis results show that the oil saturation

:2022-08-16; :12023-01-28.
(1984—) o E-mail: jiangwenbin@imech.ac.cn.
( 1960—) o E-mail: linmian@imech.ac.cn.
A ( XDA14010304) . (42030808 41690132  41872163)

(2020BA19)



2 . ° 367 °

of two rock samples from different tight reservoirs in the Ordos Basin increases rapidly at the beginning and slows
down later with oil injection increasing. At the same injection flow rate the oil saturation of the sample with high—
er permeability increases faster at the initial oil charging stage making its final oil saturation higher. With the
increase of oil injection the oil saturation of macropores in the sample with higher permeability continuously
increases while that of macropores in the sample with lower permeability shows a U-shaped change showing the
characte—ristics of repeated occupation of pores by oil and water.
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1 N
Table 1 Porosity permeability and thin section identification results of the tested samples
/ / / [%
% mL 107 pm?
JT403 13.93 2.77 33.36 41.2 6 2.0 20.0 1.2 4.8 6.8 18.0
Y4 10.86 2.22 1.47 33.6 18 7.2 12.8 10.0 3.2 3.6 11.6
; 150 kPa 3 000 kPa.
4 ( )
Fig.4 Microscopic ( monopolarized) characteristics of casting thin sections of the tested samples
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Table 2 Steps of oil charging for the tested samples
JT403 Y4
/(mL * min™") /PV /(mL * min~!) /PV
1 0.1 0.07 0.1 0.09
2 0.1 0.79 0.1 0.99
3 0.1 1.52 0.1 1.89
4 0.1 4.12 0.1 3.69
5 1.0 9.10 0.1 12.70
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Fig.8

7 JT403 DR
Fig.7 Analysis of ondine DR images of the JT403 sample during oil charging
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3D digital core and 3D differential CT images of different steps of the JT403 sample during oil charging
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Fig.9 Cross-sectional gray scale images of different steps
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Fig.10  Static pore network and pore-evel oil saturation of different charging steps of the JT403 sample
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11 0.1 mL/min JT403(a)  Y4(b)

Fig.11  Variations of oil saturation with oil charging volume of the JT403 sample ( a)
and Y4 sample ( b) with a injection rate of 0.1 mL/min
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Fig.12  Number volume fraction oil saturation vs. pore/throat radius distribution

of the last charging step of the JT403 (‘a) and Y4 (b) samples
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Fig.13  Variation of incremental oil amount (a ¢) and oil saturation (b d)
in different pore radius ranges of the JT403 (a b) and Y4 (¢ d) samples during charging
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14 JT403 (a)
(b)
Fig.14  Distribution of oil and water in the main pore clusters ( a)
and largest pore body ( b) of the JT403 sample
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