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Abstract: Seven ultra-low permeability core samples of Yanchang Formation in Zhenbei area, Ordos Basin are selected to
carry oul casting thin section, scanning electron microscope (SEM) , X-ray diffraction , high pressure mercury injection and
nuclear magnetic resonance (NMR) experiments, respectively. The characteristics of pore throat distribution, pore type,

mineral composition and its content of ultra—low permeability reservoirs are clarified. The fractal theory is used to study the
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fractal characteristics of reservoir pore throat, and the relationships between the fractal dimension and the reservoir physi-
cal properties, pore structure parameters as well as mineral composition and its content are systematically analyzed. The re-
sults show that the reservoir pore types are mainly residual intergranular pores, dissolution pores and intercrystalline pores.
The mineral composition of the reservoir is dominated by quartz and feldspar, and the content of chlorite in clay mineral is
the highest. According to the morphology of capillary pressure curve and displacement pressure , the reservoir pore structure
can be divided into three types: Type I, Type II and Type III. The corresponding reservoir performance and percolation ca-
pacity become worse in turn, and the heterogeneity of pore structure gradually increases. The pore throat size distribution
obtained by high pressure mercury injection has multi—fractal features. There are two obvious turning points in the fractal
feature curve, which divides the pore space into macropores, mesopores and micropores. Compared with macropores and
mesopores, the pore size distribution of micropores is relatively uniform and regular, and the corresponding fractal dimen-
sion is the smallest. NMR can provide a better characterization of the reservoir pore space. The pore throat distribution of
the T,<T,,.; section does not have fractal features. The movable fluid pore space and effective pore of the T,>T,, . section
conform to the fractal structure, and the corresponding fractal dimension reflects the complexity of interconnected pores.
The fractal dimension of reservoir pore throat has a good negative correlation with porosity and permeability , and also has a

good correlation with pore structure parameters. The mineral composition and its content of reservoir are the internal factors

that determine the size of fractal dimension, and then affect the reservoir quality and pore structure characteristics.

Key words: pore structure ; fractal theory ; ultra—low permeability reservoir; high pressure mercury injection; NMR
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Tablel ~ Sample characteristics of Chang8 Formation in Zhenbei area, Ordos Basin

B e WHEE LB BER Bk o ok (%) X fF B wm i (%)
s T ) D) G kA HE B A SA DHA DURRE SnE
7-2 7308-786 2311.28 10.14 0.503 36.0 29.5 24 10.5 2.17 42.89 30.59 12.67 13.85
7-4 M141 2516.81 10.02 0.389 39.5 20.5 23 17 4.47 64.02 15.82 20.16 0
7-5 7338 2 444 .49 13.79 0.901 35.5 23.5 27 14 3.22 39.22 18.08 18.55 24.15
7-6 7322-54 2 349.02 11.93 0.725 36.5 29.5 22 12 4.57 55.76 21.55 14.22 8.47
7-7 7276-80 2367.88 10.10 0.580 35.0 26.5 23.5 15 3.59 62.25 20.97 16.78 0
7-8 7514 2413.94 10.63 0.506 41.0 26.5 22 10.5 4.25 64.27 17.96 14.39 3.38
7-21 7308-786 2 329.35 4.89 0.084 30.0 27.0 22 21 5.52 63.78 18.65 17.57 0
SEI(E 2390.40 10.21 0.527 36.2 26.1 23.4 14.3 3.97 56.03 20.52 16.33 7.12
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Fig.1 Characteristics of pore types and mineral composition in Zhenbei area, Ordos Basin
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Table2 Characteristic parameters of pore structure in Zhenbei area, Ordos Basin
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[218] N
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(MPa) A2 (wm) A ML (%) (%) B (%) HIEE (%) HIEE (%) (ms)
7-2 I 0.338 0.273 2.09 91.77 35.46 3.85 37.97 62.03 6.69
7-5 I 0.072 0.210 1.86 91.33 33.96 7.50 54.33 45.67 8.03
7-6 I 0.335 0.391 2.19 91.34 38.35 5.82 48.75 51.25 3.04
FHE 0.248 0.291 2.05 91.48 35.92 5.72 47.02 52.98 5.92
7-4 Il 0.511 0.110 2.06 92.31 36.51 4.19 41.83 58.17 2.92
7-17 Il 0.508 0.054 2.10 90.25 45.79 4.73 46.80 53.20 2.58
7-8 Il 0.507 0.092 222 93.25 40.65 4.71 44.30 55.70 4.64
RRCUL! 0.509 0.085 2.13 91.94 40.98 4.54 4431 55.69 3.38
7-21 | 1.195 0.050 2.25 87.70 33.63 1.16 23.70 76.30 1.60
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Table3  Fractal dimensions obtained by high pressure mercury injection and their corresponding

porosity and permeability in Zhenbei area, Ordos Basin
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Table4  Statistics of fractal dimension of NMR in Zhenbei area , Ordos Basin
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Fig.6  Relationships between fractal dimension and porosity and permeability in Zhenbei area , Ordos Basin
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