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Abstract The microscopic occurrence and mobility of oil in shale matrix pores are the key factors that restrict the efficient
exploitation of terrestrial shale oil. This paper carried out quantitative characterizations on the amount, proportion, distribution
and mobility of oil with different states in shale matrix pores, and theoretically established a series of models evaluating
adsorbed, free and mobile amounts, and oil-adsorbed proportion (i.e., adsorption ratio equation). A method based on satura-
tion-centrifugation-nuclear magnetic resonance tests was established to evaluate the microscopic occurrence and mobility of pore
oil. The aforementioned models and methods have been applied to the Shahejie Formation shale oil reservoir in the Dongying
Sag, Jiyang Depression, Bohai Bay Basin, and revealed the microscopic occurrence and mobility of n-dodecane in shale matrix
pores at 20 °C and atmospheric pressure. It is concluded that: (1) the amounts of adsorbed and free oil in organic-rich shales are
generally higher than those in organic-bearing shales, and the ratio of adsorbed oil to free oil is mainly between 1 and 2. The
storage spaces of adsorbed and free oil in different types of shales are obviously diverse. (2) The average density of adsorbed oil
of organic-rich shale (0.8331 g/cm’) is slightly higher than that of organic-bearing shale (0.8067 g/cm®). The average thickness
of adsorbed oil of organic-rich shale (1.7475 nm) is about 3 times that of organic-rich shale (0.5734 nm). It shows that the organ-
ic-rich shale has a stronger oil-rock interaction. (3) The minimum pore diameter of storing free oil (d,,,) is equal to the product
of the average thickness of adsorbed oil and the pore shape factor. The dmin of organic-rich shale is of 3.5~10.5 nm, and pores
of mainly storing free oil (mass ratio >70%) have a diameter of about 100 nm. The dmin of organic-bearing shale varies from
1.1~3.4 nm, and pores of mainly storing free oil have a diameter of about 30 nm. (4) The mobility index of oil in organic-rich
shale (mean 6.24 mg-g™'-MPa™') is higher than that in organic-bearing shale (mean 5.20 mg-g™'-MPa™"), and pore oil has a better
mobility when the ratio of adsorbed oil to free oil is about 1.5. (5) Based on the oil-rock interaction, the coupling relationship
of the oiliness and storage space of shale with the mobility of shale oil are established, and the internal relation between them is

described mathematically, which will lay a theoretical foundation for discovering high-quality shale oil reservoirs.
Keywords terrestrial shale; pore oil; microscopic occurrence; mobility; quantitative characterization; Dongying Sag
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Table 1 Basic information of shale samples
PiRA Eilds A ad B HR/m  TOCH®R/% ¢ Sper/(m¥g)  Va/(107 cm’/g)
Y556-5S  EAMUEE TS Es’L 24482 2.2 0.15 15.11 64.31
7K 556 Y556—6S &AM U Ess" 24716  2.00 0.12 14.35 51.96
Y556-1 AR Es" 24483  2.02 0.20 18.13 76.95
I 884 LX884-2S & AHLEES T ITA Es, 35024 243 0.12 13.20 51.92
LX884—1  WAPLTME IS Es, 35062  1.64 0.12 12.53 46.43
172 H172-4S &AMV RETS  Ess™ 34286 1.88 0.11 12.43 43.99
276 L76-1 AR SRS EBsY  3783.6  0.46 0.08 23.36 37.36
L76-2 THVRERERRS  Es 37836 030 0.10 12.28 36.46
Kk 41 F41-2 AN E RS Esss 26793 1.24 0.07 10.58 29.62
T 172 B172-3 TA MU TS Es,” 34056  0.16 0.04 4.45 13.19
45 N5-3 THNURERERSE Es 27408  0.13 0.07 5.72 26.34
7752 L752-2 EAYLURRE A Es;"  3560.1  0.49 0.06 21.99 21.47
— H88—1 SHAIURERFR A Ess" 30426 1.56 0.11 34.00 45.93
H88-2 SAPURRER TS Essb 30446 1.36 0.09 20.40 36.88

R A VR T SCHR (2815 Sper AR ik U B S 30 1KA1Y BET LE R IR, m/gs Vi A% G IR S 30 MR 75 9 ALK TR,
107 em/g; TOC A BAUER, ASCHAUEMEMHALTIR, %; ¢ WZHSLBE, 7040 Es' AU —FIE; Es” MUbDU MR,
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Table 2 Results obtained by the centrifugation test

L R it i O.(mglg)  Of(mg/g) ri/ % AP/MPa R I/(mg-g'*MPa™)
Y556-5S 25.6499 22.7790 52.96 3.58 1.13 6.36

7K 556 Y556—-6S 22.8126 15.7480 59.16 4.34 1.45 3.63
Y556—1 29.7995 19.7629 60.13 2.08 1.51 9.50

- LX884-2S 24.2691 14.9925 61.81 1.68 1.62 8.92
LX884-1 19.5194 14.8810 56.74 491 1.31 3.03

172 H172-4S 22.6118 11.4811 66.32 1.91 1.97 6.01

76 L76-1 13.2080 11.2233 54.06 2.57 1.18 4.37
L76-2 13.4538 18.4843 42.12 4.10 0.73 4.51

Bk 41 F41-2 11.4005 8.2713 57.95 2.72 1.38 3.04

172 B172-3 5.8023 3.9510 59.49 0.70 1.47 5.64

45 N5-3 7.5495 12.3305 37.98 2.78 0.61 4.44

7- 752 L752-2 13.3200 5.9952 68.96 1.35 222 4.44

s H88-1 21.6670 14.3266 60.20 1.63 1.51 8.79

s H88-2 18.6081 7.8864 70.23 1.24 2.36 6.36
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Fig. 3 Evaluation chart on the oil storage amount in shale
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